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fh# low aatrlUva value ot  tes Indian rios diets 
is  cM SM H  to ths alasst cotaplets eaAMLon of the pro- 
tsotivs foods such os *presn leafy vasetshiaa* fru its and 

animal foods in the disM iaa* when foods rich In oaldust
Ulco aiXJs ere eonsunsd la  l i t t le  or no qaasjrfffsn os iadi~ 
oetod bar «ykroyd (1937)', oaloiua which is  one of
the soot important elsaeats required by the body* is  absent 
la  tee diets* therefore, <greea leafy wwaaMdea, eta

sad readily sh ttM h  eouroe of oaloiua next
i to ailk  in oaloiua content, oen play an Important role in 

"the poor Indianr
the foot that tee poor diets are

aainly b&eed on oereale, with tee iMttMhia of saall ^uaa- 
titieo  of oortain pulses, wage table o ils , M t f d m  aaeuat
of ailk  and ether prvtoMMs foods, has been reported by

S i al (1949)*, mxrxhf a  &  (195S)5 ,
(195*)* and Ho Carrlsoa (1954)®. Itioao authon

haws further pointed oat teat the poor rspoteMse rioe diets
are dod&ateaS not only in oaloiua and iron, but also in

«•

Yitaaia a , vitamin I  complex i i i f p M t e i  of high bdaiSMiaal 
wains* .

Aykroyd (1937)1 have through



2 .

that

with oalolum la  the form of oalolum

of the rioe diets

or laet&te,
in oammitosnhlo increase in the growth pMsetimg 

of the poor vegewmsden rise  d iets, ta il outing thereby 

oalolum is  one of the crucial lim iting fief 1 mis— I bb 

la  such d iets. the importune# of oalolum is  supported

(195*)6 work oa the poor Indian rice d iets.
of suoh diets with protein 

iso lates of soya bean, denial gran or tfMMtMl* did not
resu lt in any ed^tdhesBt increase in the growth promoting

/

value of the H ots, u n til and unless the calcium 

was also mad# up simultaneously.

Ad SMo showed that

Among a l l  the mineral elements, oalolum is  present 

in the body in the highest aaount, and tisMiMw Irving (1957) 

oomMhNI i t  as the aost important inorganic element in the 

body. leoordliig to best (19b1)6 oaloiun is  an iadinpomeebde 

mineral seaWMannt o f flu id  and solid tissues o f a l l  animal 

bodies, and plays an important part in a variety o f physio-* 

logical

the dietary n p lM M M  of oalolum at 
stages of the human l i f e  oyole namely infanoy, 

adulthood, old age and special oomAMdds such ae 

and ? — nsn have been published by the 

Uouaoil of U.h.A., ( 1 9 5 3 the Food and 

Q^andasedam of the united Nations (19d2)*w and the ffutrltloa  

Advisory yoamlttee of th# Indian council of Medioal Boeoaroh

,10
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(Aykroyd I962)11 . In a l l  these M M i r i t a l i  the 

oe« of oaloiun fo r children range fro* I gs. to 1.3  g*. per day, 

which i«  greater than the MapPae**** fo r the normal adult, 
th is IM M M l A p feM M l la  suggested because of the greater 

denands o f growing ohlldren fo r th is sleaent. f t M n  &  

0959)'^  point out, that whoa the dietary oaloiun leve l le  deo- 

reused, sene of the M U M M tB  of the calcium dMfegftHHd** 

auoh ae iSMMMMflip* loee of appetite, esiBetOpKti**, riokete 

in  children, and oee*s*al*Ms In edulte ooour.

Xa order to find out the ex it ting M U M  statue 
of rural people, as part of the Ooanunity ffutrition prcjeot, a 

I diet survey was carried out hy the laeociAg*d*r la  the village 
of lo M M flrtM p ah vP i Block, dotahBees* dist­
r ic t, In 1962, where 160 fanlU ee were MHManod. The reeulte 
shoved that the children In that village received only about 0.2 

to 0.5 go* of oaloiun per day per person, and ao a result of this 
low Intake, 69 per sent of the ohlldren were found to be suffe­
ring fro* riokete and bow legs, as shown by the clin ical exami­
nations by a physician.

This low Intake of oaloiun was due to the fact, that 
soon after weaning, the ohlldren were SeSeodnaed to the diet of 
adulte, whloh were highly starchy CH*tf***ag of 96 per cent of 
cereals, two percent dhal, one per cent greens, and one percent 
wagsMiMt euoh as brinjel* and puppkln. dines 61 per
oent of the people In this village were on the low
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eoonoaio status with an average per oapita inooise of 75 af* 

per day, tliey could not include sills in their d ie S H w , 

fo r those ton who eouid afford to buy a ilk , , i t  was not aval* 

lable* Hence* they had to depend on sons ether iianpcaci** 

altcim tiw as such as green leafy a** a aource of

calcium* Ortunitnl^ there were &mny u s to tS tt o f wild 

leafy  vsgetuhlca found anong the wasAs in the fie ld a , avai­

lable tlMa^HHt the year* the people in the v illag e  were
fam iliar with than# leafy vegetable s , and oen avd  them in  

tan a saixed t o ,  popularly known as kalavai keerai* ikrnever.
tho amount o f kalavai keerai included in thoir 

as low as h a lf an ounce per parson per week, which
v '■ 'h

‘“‘ftlf***** amount® o f ealQlum* T um uli.. on thoir
methods of oookin^ also revealed, that because they cooked 

the greens in excess water and dkemcMtad the cooking water, 
the «—»«*» **»*y of calcium from the greena was further 

reduoeci, since uissr1tnc to Irving (1957)7 the only cooking 

preocmnre which affects, the fin a l calcium content of cooked 

foods is  boiling*

Irving (1957)^ has shown* that next to milk, green 

leafy wngiri'cklsw form the beet sources o f calcium. dubrah- 
manyan (I949)2 points out that cheap and easily  i n  H ulls 

food aatsrialu  such as green leafy  y^strrtilss can mi|ril— it 
the poor rice diet* thus offering more scope fo r a practical 

approach to the food problems not only in India* hut also in



s

other pert® of the world which hare sim ilar

blessed the rural
o f kalavai keerai, 

has hot U>,.n etuoied '

*hllo nature has

areas with perennial supplies mt 

the aahoxtiee vulm o f such

so fa r . Some utteapto were made by tteopi*lu& ejt 

(1949)^  to analyse tmt liUninny the nutrient ©otitsnb of 
some eeleoted wild greens such as Kuppaasnl (lelypha Indies) 
I f H M i l  (SoeMmarta repens }t Josonrtai keerai (euphorbia 

h lrta ) , Vella keeroi (dees* Tiaoosa), iierrln^l (Trifeulua

keer&i (Gorohorua rnmtimmgti&m) end fttppal keen*! (
w irid le} , hut not la  the fern of tee mixture as eonauiwKl In 

the wllle^ee.

Ih© present empsetmeet was thswBfars eenfioeeed to 

study the nutrient, oontsnt o f the kalnvai keeral as a mixturet

and to find out Its  o ffsets eti odcluo in albino

rats fed on "Poor aloe Diet* as the basal d ie t. the poor
Iaooording to lykroyd &k (1957) 

the dietary BSfthaaes o f the poor South Indians.

the noliiM TTiy of oaloiua fo r growing albino 

ra ts from kalaval kesrai eupfrlaosKts* Poor aloe mot was 

©oapared with that of mnwwtTu the wen known and ooasonly

• the "Poor loe Diet* Is the accepted terminology e f a d iet
foredated by Meson and thsophllue (1945)** and Its oeaposl~ 
tlon is  giwen In Tkble IV .on page 55«



oonauned leafy wa®*t»eie9 looping the euiciua levels identi­
cal at SO *&*#. per day.

It la  Imped that lit# flndlnga of thin study a li i
toe useful to o ffe r an to M p m lw  souroe o f oaloiua In the

dietaries o f the poor, and a hotter aouroe of e&lalus than

amaranth In the d ietaries of tn« rleh 9 aim stdsaiate further
research on the a w a u  vnristtw ii of wild greens*

*

She (MMaU used fo r Judging tsi# aeaHaMHW of 
olQ iua were growth, oaloiua toalanoe and ealeiue in toone aah.
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11. JUSVIiiW Of

f i t  n m tv of 
following aspects.

on the

of oaloium in 
£• fe to rs  affecting oaloium balance 
6* Methods of assessing tin 

oaloium.
S. M M i t  Talus of leafy

tllb e rt (194a)15 points out that calcium &• ono
of ths important biological mineral elements, and In neets-
only for DMTgMwtn of a ll animals and a ll green plants with

16tli« exception of some lowor algae, hoore (1992) itataa 
that a i t i M f t t t  such no calcium, potMMiMii ami sodium 

art very important for the propor iaMfeldaim of proteins.

(199#)17. (»9J7)*8,
Ho UarrUw (199#)*. Htgmua (199#)*®. ono fiavlOBon ,£ a i  

,12(1959) * hare imported that oaloium in an oaftotaudlag element 
of the mineral natter of e n l i f i .  I t I t  an important cons­
tituent of the bones and teeth* I t gives rig id ity  and 

strength to the skeletal MnsetoMB and i t  is  the noet abun­
dant element in the body, forming 98 to 99 per cent of the 

mineral content of the skeletal system. the Daisy Oouasil
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i&gest (I960)20 point* oat that oalolus in an oini—tio l  
nutrient with multiple r— lumi. west §& (1961 )21 

o la la  that without bone 41—£—a—n  there cannot bo (growth, 

and slnoe oalolus la  in ti—t i l  > related to bone fm t ia a i , 

i t  im wamMmmA to bo a— ai. fo r growth*

fho part played by oalaiun in the nignlitInn of

body jp— — hats boon a oubjeot o f in to root fo r —ny
oyworaert*. Beeutficee (1948) reviews the 1—e— ihi o f 

oalolus Iji the following words, "Oalolus lo an important 

— 1—  o f the skeletal *— —» an aid in the oontrel 
of the nontrmotility o f the —soles, <f—i t —i —Ay oardiao 

short— ity )  the p——«—W t  o f nora&l response o f nu—roue 

tissues to stim uli, the nor—1 o——ia - t r i y  of the blood 

and aa an important —*t— * , la  th« oontrol of aeabran* 

p— sh ility .*  Gilbert (1948)'** states, *Xa aaisaia oaleiun

is  the ——t —Stag single osnu l i tas— of bones and tooth, 

and the normal rhythm of the heart —soles, the 

of other suaclets and nerrea, depend on their being 

bathed in lyaph, aentaiaisg phyeiul—i—Uy nor—1 aaount of 

oalolua. fhe olotting of blood and the rsprlistfnn of the 

pini—  ilil 1 11'ji of the — rune also depend on a ib—tent —in* 

tenanos of thin eleaent.’* Helt&er (1952)2** reports "Ualoius

in the body whatever the ill— tlnwrr of the dee— aa* froo the
nonaal any be, and any abnormal o ffse t whioh aodiua, potoeelua
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or aagnealua map produce, o&lelua is  capable of 

the normal eooftiiiffbBfe" Out important
k24

of oaloium

are &2|IM(0MI bp dheraan (1992)*’’  on the bkM h m i  of
the right degree of A m m m  la  jnrtlpiMflM and the so ft tissues.

isven though oaleXua occurs la  blood la  very minute gnaafctaiss

lb  la  d M M U f WMNMfeial fo r the normal notion of too heart
auseles. Hepnurd (1956)*® reports that calcium as a soluble

salt* helps to Maintain the right degrees of osaotlo r o lt t t—o
and acid base balance. Kleiner (1958)**® points out, that
oaloiua lo  noodod bp a l l  the oe lls and that i t  is  ono of tho

important ions required fo r tho piQRiiM&amleal balance and

tho nervous m inim . he further states that i f  tho blood

oalolua leve l fa lla  below the normal i« p lM M t«  i t  tends
to develop hyper 1 n l  t i i lT llj  and tetanp. eoMMMlaa to 

21boat (1961) oaloiua ion lo d lreotlp  relatod to ausole eon* 

^ W B ttW j and in the absence of oaloiua, a l l  typos of musolse 

lose their a b ility  to

She role o f oaloiua In astotmen has boon deaona-
26trated lay Aykroyd (1993) who have shown, that when

nursery dehool «****— » were given oaloiua sa lts  as supple*
laoretftset in weight and growth 

Shis has been supported bp Pal and dingh (1938) ^ . Sheir 
studies prove that the am t r im s  value of douth Indian rioo 

diet was enhanced bp the addition o f baslo oaloiua phoaphato 

as o v ld aw t 1? t)islnomMite is  the weight and length of bodp 
and femur, and an o fflo len t n u iln tfliM fi of bonos. rug**



dheraan and Campbell (1935)2® point out, tout 

*t&e enriehnent of ooXoluu intake was followed fey a nor* e f f i­
cient u tilisa tio n  o f the food better growth, e a rlie r aatiiriiy . 

Several indications of higher adult v ita lity , a largo period 

between too attainment o f saatiirity and the onset o f se n ility » 
uni in 1mm degree an increase la  in® average length o f adult 

l i f e  or l i f e  expectation of the adult. In as aueh m the 

infant m ortality wo decreased fey tho increase in calcium 

in ta le , tho l i f e  expectation At birth was increased in greater 

degree, man the l i f e  expectation o f the adult.* foepfer 

et a l (1956)^  report that increasing the calcium content of 

an adequate d iet resulted in store rapid growth with greater 

economy in the use of food. the rate of noraal calcification  

ns shown in  young o f the second generation was alee d istin ctly  

increased. OaapbeH &  (194$)^  stress, that “Higher 
calcium in t®jes appeared necessary fo r optiaal resu lts and nay 

perhaps have an added in terest in relation  to the long standing 

.hypothesis that calcium In addition to i t s  specific functions 

'Say also exert a general regulatory or s te rilis in g  e ffe c t.” 

the national Research Oounoil of t i.d .i., (195®)^ reports, 
that increased intake of oaleian lengthen® l i f e  span and inprovee

. -v.tho reproductive and lactation**! performances of ra ts .

In addition to a l l  these function*, Haynand (195d)19 

and Most (1961 )** point out that ealGlua activates a number of
snaysMie ouch as lip ase, sueoiale dehydrogenase, adeaosine- 
triphosphate and certain proteolytic engyees.

10.



factor® affecting edem a bdanee a n  i

1* Oalelua alMMSptiSB, as*
2 . H epilaiienef cdciuss balance.

flio atwapbtca and u t& isstian  o f onloluc in the 

body are affected by, a) aevord' iaportaat dietary factors 

each act phytic aetd# jtomvhataa# fib re e x te n t of food, 
jliiilii n m r oxalic acid# protein# fat® and fa tty  colic# c itr ic  

cold# lactose, rite®!® Bt cad tUc re la tive  le v e l o f oaloiua 

cad phosphorus in the d iet and h) Heaotion of

She dietary factors which Inhibit ea l-  

oium d H H ^ i  a rt phytic acid# fftMjittftc** fib re  content o f 

feed# J i l  iinnrrT. and oxalic aoidj while factors each ae pro­

tein# fate  and fatty  aoida# c itr ic  acid# laoteee# vitanin 3 

and the re la tive  le ve l of oaldust and in the diet#

favour oaloiua etwa^bidsn-

Sgettajum? M ehclls (W S )31# Brine tisa#  (1955)32# 
Albright (IfSd)33, i-iavids©n <W 9)12 and

Si A  09*1 J34 report that phytic aold (inosito l 
acid) which occur® aa a aajer part of the organic 

content o f oereale# partly in the free state and partly ae
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phytia, forma an inaoluabl© s a lt  with caloiu® and thae in ter- 

fiw fl « im  calcium absorption.

Phosohatoai Leiohsenrir^ *£ ^  (1951 }** hare reported a 

marked depression ©f oalolun retention whan phosphate was 

added to the d ie t. 1h» possib ility  that d istary caloiua 

My combine wits phosphorus and fora on Insoluble s a lt which 

would 0# poorly absorbed, tons- boon suggested by Brine j i  

(tSSb)32. iJawidson g& &  ( 1959)12 point «u*i that before 

the discovery of phytic mold, i t  woe generally believed that 

the to ta l phosphate intake hod a crucial influence on caleiun 

absorption. bubruhaanyan a i  l i  (1961)** conclude that excess 

phosphorus in  the d iet eoeoclatod with a low dietary oalclea 

greatly inhibit® celcim  absorption, causing typical low M l* 

cites rickets •

ffflffltant of foodt Johnson (1961) state© tvm a study 

c f three patient# with ilecetoaie® and oolostoalen, that the 

nomul reaction c f the ileu s ie  acid, but an exeeee o f fibre  

in  the d iet ©hanged the reaction to neutral, which possibly 

lowered onlciua absorption.

aa.ua tea® t Meggensits (I960)31 states t^^t' ■ /
©>v

orw
toee gained weight slowly in oecpottsoa with those fed^gluooss, 
and absorbed slig h tly  aore oalolua and exoreted significantly  

mm ealoitia in  the urine. She author stresses Mat feeding
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galactose resu lts in a negative oaioiua beianoe and presumably 

resu lts in desineralieatioix of the aaeletorx. '

a***** d ir i (1940^8# Johnston s i  &  (1952 )39,

Brins s l f t l  (1955)32t Maynard (195b),9 » Bavidaon s i  f i l 0959 )12 

ifrfift uubrtihmnyan s i  iyk (19d1 state that anas natural foods 

such m spinaoh# ‘asst greens and cocoa contain appreciable 

ammnts o f soluble oxalate® which react with oaioiusa and form 

insoluble eaXoius oxalate# which assy- inhibit the absorption

Proteinx May workers haws daised  that there is  an assooia^ 

tlon between protein ana oalalun is  tim diet* calcium absorp­

tion and u tilisa tio n  being better with high protein intakes. 

Conner s i  s i  (195*)4C*epd*t that the to ta l body oaXoiua in  

rats increase during growth toy iaoreased protein in the d ie t.

Mo tianoe s i  h i O W ) ^  hare prosed that ealciua absorption is  

dependent on the protein intake# and that sush absorption my 

f a l l  to very low leve ls in the absenoe o f dietary protein# 

according to Brine s i  &  (1955)32 protein promte® the absorp- 
tlon of oelolua. huvideon s i  l l  (1959)12 explain that aaino 

aside liberated in the eourse o f protein digestion probably for*  

very soluble oaloiun sa lts  which a rt sasily  available to the 

m ile .

MU1 fetto  a « tt ana Sate 0 9 * )* *  raport teat
i ttfliiiaiftn o f mistard# mmmmm, groundnut OH or butter fa t in
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the diet of four hnaan subject#, favour the absorp­
tion of tdolna «Mt pfeeaptafliuo* and ti»  tfE U sttM  of minerals 

is  better t ita n  in the absence of added fa t. With oooonut o il 
howvtr, the oddBtMfifetsi of oaloiua through tho faoooa was 
greatly tu n a e d *  too faooal oaloiua being in three oaooa 

greater than the aaount of dietary oaloiua. Han & £  (1952
report that fa t plays a *uaimMn*ai role in tm BBm m m tam  the

fic^nce during the growth poried. ?he author eeasabatee that
moderate amounts of fa t in the diet favour the utdliaafttoa
of oaloiua. She foot that fate a&ke tho contents of Isbsatia m
aero aoid and thereby ineroaoo tho dM pM dB of oaloiua and
panptaoue hao boon no tod by Boyd $£ j£ (1957)^*. Irving
(1957)^ otatoa that wotfkaootod oplit fa t In tho BMoaiiaa w ill

oaloiua soaps, and time any a M M  with oaloiua
sitaoh conditions any happen when the flow of bile

frenoh (1957)^ points out that "■**"* of
ao the fa t content of the diet was

34raised above film per cent. M M a a p a  (1961) points out 
that faulty alMMpdiaa of fats loading to large aaounts of froo 

fatty acids in the stools any result in OHH&mnfeie losses of 
oaloiua in tho faoees.

iaagferd (1939Jr records an average 

of eight per cent oaloiua re Pent ton in albino rate When th eir 

diet was eoseiaaoabed with five  a l.  o f Florida



orange juic» per ra t per day. ration f& $4  (1946)^  noted 

uotsb per ©®bI inoreaaei calcium m%m%Um mpm ®u&pleM ating 

five ml. of grape fru it  juice to each growing albino ra t par 

d«|ft but neither iaorsaoed nor deereaaod oalelu#. ro ta tio n  

wm noticed wiian fieo a i. of tomato juice »na given to grov- 

-ing albino rate* hallon (1952)*® dMoaetmted th« beneficial 

e ffect o f o itrio  acid upon calcium absorption bjr ©oraiooblng 

•spmriaeaiui m growing foaalo albino rata.

inotoMi m tooall « 1  n l 0961 observe that laotooo not only

increase# too votontlon of oalolun Out also increases the mm  

osH# #ody aali and body calcium. lergeia (1961)^  also a t t r i­
b u tes tit# fewiefloiai e ffec t o f iM toM  to an increased acidity  

of the lnt#atinai. content* which mmut in ingf^fcsed oelcxua 

absorption* Vaugte« and F iler {fpft))** on the basis of th eir 

etudiea fossiulato severe1 thooriea on too boaofloiul effeote of 
loo too# on oalofya retention as folio** 1 *1 . i>actoso low# re the- 

pH of the gut, Of proaottag i®wrnmm%&m» I# Mm  sugar# in - 

~flueaoe Mm bon* m U i  in the pmmm o f © •aifiootloa, and 

5. aastoe* and other sugar* nap oon** a stiau latlcn  o f me flow 

.0 . digoative juices ino ousting b ile , which in tycn say augment

Vitamin b ; According to MlohoUe ( 1945)*^ vitasin H i  & neeoa- 

-aity for toe proper, absorption of aalciua ire* me aiiatmtary 

tract and it# saimmmmm in normal amounts in the blood.

IS .



and Addlla (1946 i22 state that ealelea requires 

vitamin u fa r  i t s  eptiaai a tlllaa sie iu  HI—i<ij~nrin (19d1 )**

has proved that vitamin & is a w M M Q f  far the lutestlrntX afeeer- 
•*p%ion e f oaloitt* Mid fo r mrm,1 b&m depart viaii* by 

mrm.1 o.n« dewslapasnt either by !*•■«■*■« ealoiua and pfeoe- 

-pheirue ntia— igtien, or by preaeitad saleiua and jdMMpfddWfli

vltiuain D oeeuples a dominant ro le  in  the erlMdaliTT- or oaloiua.

ifiohelle

( 1945)^  and Albright ( 1f 96) ^  report that the re la tive and ab~ 

-solute leve ls  o f osloiu* and phosphorus in the d iet tmfla— e 

tae e l—ro ll  r of ealoiun*

basis e f b̂ Xmim

ii nodovsa (1957)** on ids 

das • treated tbs iaparesnsi e f tfce

bias trio  lifiDidirtilHirin'i said In the absorption e f e*lt;iunt end
i t  the chief sin^-io faste r in this rroo««e* Busaa- 

-bergef (1997)** reverts that snetnMPieny in puppies eaueed
Irvis#severe and even

7 ®" -
( 1957)* statesf "file, addition e l nolo to the d iet or giving

ah mlaiQ type of diet nay rupesmTly inereaaa oalolua aoeorp- 

~tien9 and a lk a li In sh«* diet nay have the reverse effaat* 

iimmvnr$ while jateevtne uueerptiuii any be improved djr giving 

aside* in im$y eases the urlatury eaaretfcsa ef ealciua is  alee

ONtolng is  the #nd a greater to ta l lees e f c .lciua



t#m id* body* ' Q» the ®%twr band i l  baa boon atatad mat ' 

th* ra a o tiM t tfe* di«t has no a ffaat on ealoluai abaorp* 

~ti«a# and that alfcaltac aoXatioas introduced into tbs 

latoutla# rapidly b*c*M mild. d tn ilarly  i t  has b*m abated 

that acid o*liatloMi actual!* daprea* eaXclua absorption* It  

aaona adanot iapaaiiaM# to draw any etmeluaiana fran tha r« r f  

«vid*fMM «&»! axiata** xoooraiag to ubrah* 

Hauayan tan ptl of centre intaatinai tract in f ineaca
tiio xbxovptioa of oaleiusa aiaoa tha ooXubiiity and io n itu tin  

of aoot ©aloiu® anlta Axwmm*** with acid it* .

mikv&mm&m point* out that m* amount of
oalciua In tit® body la  th* raauit of a fin al*  adjust#* balance 

between intaxa and output* ublcn in turn is  datasmnad Of a 

further balance that, exists between the aaouat of oaloiuu in 

tfc*> flu ids of in* jn»dy and id# longnr reserves in the aaleiua 

banfc of tbe dtoalstctu Albright gj| (1959)^  H at three
fa c to r , im*ieiy parathyroid glared, vitonin d and kidnaps, aa

bmlplUi in the rsjMlatlbn of onloiuu balance.

tt Albright £& iX (1959)^  no tided that para- 
-thyroid gland infiuonoaa the oaiaiua lev#! in  the bied. they 

paint out that in  rare ia»tiUi©#i# where the glands ara over 

native, tlia sstaaoliiata ara otiauiat. d to exeeeaive aetiw ity>
with Ida resu lt mat coloiua In withdrawn fr . « the cones, and



attou&t if  Ionised ©alolua la  %h» bloc»d r is e s

jJ&mte*.PJ looordiii* to AUMrlgb* I l l i n i S I ) 55 vit«tt& H

h®* * dir**t offoot on raising «h« sal®!®® oasts®* by morning 

rosojrpti*n of boas, tunw dopOSsKfes®® soas of th# «ri«et« o f 
howaono. j

MMmjj&i J i l b r i g f r t  £& a t -0999)** sop®**t, "iidasjrs help fa u »  

M M W V  ®f osloiu® b&iaaos by tbs assess prosaist

la th* body fluid®, aM i f  ttasy fa il la their 

-f&alacla would appear* duo to is fia iiw  tabular 

of &O.C4UH tiuva®® renal t»biii#s.**

tt»  d iifo fsn t astnod® used for ®o®®o«1r£ %km a va il-

-sbilitgr o f sa ls lta  arst-

1* Galciua bal-neo studio®,

a . Oalo&un ootttont of blood,
3* aloiua oontsnt of bonus tgr

» )  ashing netted, 
to) *ios®®**pie netted*

4« oal©l«» content o mien—■<

fro® tbs food nails# oaloiua balanoe wtuuiee as a
woo followed by many troa from the very early



I f

days. -aeowtHLa»iy herxaan and hawlay (Ifhai)** afadjrl&e tha

ealoiuia haiaaoea of growing ©hUdreii* found that ma retaa- 

- t i  a of oulonai was ssiv  wariafciOi hut always Isss fmn— ais 

whan h alf of tha milk of the a ie t van rspleoed Oy a earefu lly  

prapsrad mature o f w ta s ^ le i, (earrote and apiaaoh) tM<k 

prowidad ‘Us© eons to ta l oalolun intake, Tha oalcimi of tula 

raixtura o f iMhpdtot tii was ola*yrly loss wall u til load than «&iUt 

in than# ei^*riaan&« with thro© to thirteen your old ©hildraa.

ftuClvna&n and Hendol (1946)^* found the otiieiu* of
ourroiu and spiaaoh to ha poorly u tilisad  Oy aoga* Boss 
($940)5* 1 '̂ * oslolutt halaaos anparinsnt with healthy young 

woaeii whoso intska was eloao to too a t la n ta l atlnlaua fo r 

nqpiMMiNi fount the ©alaiuii of oarrots alaost us well u tilised  

as tliut of a l i i ,  i l a A t t i  (194§)^® oospore* tha ealciua 

balanoas of healthy wosaa on a diet is  whiato 73 par oant of 

tin  oaloiun was f r  :. apiaaoti and with ona la  which 79 par eeot

hath diata f-m innnt aoM itroibly aora oaluiuo 

than tha average tid a l? u n it  fo r wntatawiair, so that there whs 

always £  atga£ll*n«Mi in oaloius ^ a f  itinn, •nils tha spinach

d iet with a slig h tly  higher e&laius intoha gsva a aarkediy lower 
hehsughlin ooiiolutnd that too fooitiwa h u n a s  

laaat a p a rtia l Oh&iiaattsB of the oaiciun of

was frea  u iik .

a a
iooordiag to uJaavaan (t9S^) the‘Method whioh peraita



in* mm% t tw o t approach to mm o£ mm mom* at eal*»

-elus ©r pummpharm noodoo in tastim nattrition JU» that of bniaaoo 

•ki«riiw itii* Bso author ofates, “is  both sa leim  and phosphorust
s fte f  being aetaboliied la  tfa* body are esareted to a consider-

.*•

-a il*  oniont bjr w«y of th« in testine, "'and as the proportions 

o f eii&ijrwvd calcium or uoepnorua leaving; the Oody by say of 

the two onisf paths of output, (the and the ia tsstiM s)
't

nay vary e ld sly , oonoluslen runardin* bodily need o f ealelws 

or of piu»ophorus mtm\M mi ee attempted mmmpt £m& osporinente 

which include deternlnstf...ne In both urine and

feeoee** Monk jg$» &  (I9S4) resorts* that the belanoo study 

onfalls mm analysis o f the food, innseted, and |bs urine and 

faeces oner#fed.

whlaea O fS‘i ; 6* reports that boosua# of the in ab ility  

fo ejcanlfts• the daily changes la  she Celsius content of bones 

d irectly , mmy invosti^aforii have approached she problem of 

dote mining; too ealelun require sent £Tom the study of holsnoo

expeflBehia* la  children the resu lts of balance study nay ho
. _ ^

interpret# ! .|n relation  to <provth* sad development of the aontroo 

of eeelfldatlon* Brook (ffd l is  of tho opinion, that balance 

is  obtained then the to ta l n e t. enerstioa* (etoole sad urine) 

equals the intake, provided tho subject concerned has boon on 

the mm d iet fo r a long period nod Is in a good "static" aeta- 
-bolio  sta te . turn authof further claim  that tho not inten- 
• fin a l absorption (intake Minus stool calaiu*) Is  a smmurm 

m£ the ealclua ahoorhod fro* food intake piss Intoe fin a l ecro- 
*»tlons.
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Balsa." (1996)*^ daaenatrntee tee e ffee t of mMmtfm  

m  tee reduction to sera® w&qIvm Xowml, to eld cows* he 

Conducted tee expertoent on two old sows at low y ie ld , oue not 

progtm% and to# other & month a fte r enlvtog. Stef were 

starved fo r two periods o f two days with <m in terva l of two
/ . g'O&OjJ.m

/ days to tetwooii. to tee f i r s t  period of starvation, t t m  to

{tooth cows fo i l  holes 7 m* per cent, Out neither shewed any 

Jo lto ite l dtotertostioe# apart from. alight sluggishness ate a f a l l
■a
o f . uls* mA respiration rate®. to too second ported of star­

vation term  oaloiua fo i l  tu t s lig h tly » sad reisateod witoto 

mmml lim its • 'tote ©teurly points out toe relation  teat exists

hetween too dietary totote sad worm enleiua leve l.

f

to o t e r  to aeaoes too relation  hetween the osteite  

intake ted oslo ita  deposited to totes white s is  too storo house
of too atoerate, they wars ashed mm fo r their atoorsl

©ontent. Bone andtog iwtteod fo r analysing oaleiux content 
was oorried out toy Jteau iis gj| 0949)6* and Me Oaan ||

1 1949)*^* tooeo two investigators adopted too as teed of 
ashing tto  whole skeistoa teufeugh d ifferent procedures white 

Baton# gj| <1929Ji^ and dalverlwy (19491^  followed toe
method of ashing toe feaur con# alone.
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4 delicate teat tor oaleium depositing st^wteaMi boo 

been described by Ho Uollua g& nX (*949)^ , as follower*

*4, group o f young; rate 1* placed on eontrol &iel, fo r

|| to 41 days, or u n til they begin to loo* control of th eir hind 

legs. they ore then divided into two groups. Tbo control 
group continues to receive the mm» diet unonanged, and m test 

group is  given the fau lt d iet plum the substance whieh ie to he 

tested fo r the number o f days deemed necessary* then a su ffi­
cient mincer of day# j*sve elapsed fo r the test substance to hove 

produced i t s  e ffec ts , the animal* ere h ille d , end the hones which 

are to 'he studied are sp iltiongitud laally• The proximal and of 

the tib ia  Is best fo r the purpose. hue h a lf o f the mm i*  

immersed la  a d ilute s ilv e r n itrate  solution, and exposed to 

lig h t. i t  is  then exmsi&ed in  the solution through a binocular 
microscope fo r the presence of a newly forced lin e  of o le ific a -  

tion in the p ro lifera tive  c a lla g e . th is lin e  of oalolum which 

Ieohs lik e  the cross section o f a honeycosb under a strong assagai- 
flection  is  sickened by exposure to lig h t. I t th is line ie  

' ' '.'present, the test is  positive. the lin e  say be v isib le  to the 

unaided eye, in untreated tones, the resu lts of the examina­

tion of the gross specimen should o« confirmed by s study of 
osUnMin ssotions from the other h alf of the bone or other bones. 
The new lin e o f oMlkmttm may extend completely across the boas 

or say be incomplete or fragmentary according to the extent of

' • ^

;.rn_
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the of the lime sa lts  induced fay the awertame which
is  under essauntian. dlnee complete otarvulAMii d a s  o&uee® 

the typical lin ear deposit of litaa sa lts  to appear in the c a tti-  

lag# of rach itis  animals# the food intake o f both tost and control 

m is oust ho oarsfUMy westsiwd**

au i
Pinoke gj| ^4 (1935) studied the storage of e.-l*lu* 

is  the animal body, is  order to aaeeso the se tilsS t11 ty of

oaloiiis from ipse typical foods* Is th is espswsent, healthy 

yossg rate o f the sons iirririlTTriilfit history vor# placed when four 
wosk* aid, m a d iet is  whioh S e lf of th# skinned n ils  was 

replaced i f  enough dried spinach or dried ta le  to provide the 

sane -amount o f oaloiia** At do days o f ag# tho asiaals wero 

k ille d , end their Oodles analyosd fo r o&loiun* ifroa the findings 

of this study i t  was found out, that the calcium of kale,was 

nearly as m il u tilissd  as the calcium o f a iik , hut the osloius 

of the. spinach was u tilised  very poorly.

denser ££ (1935)*® adopted th# carcass analysis
method is  order to ssssso the relation  between the protein intake 

and the ra te  of sntifai2tsg££ift» In th is sottMMt, the animals
or-'

wore JBfithift Oiih ohlorofora and hruehed to remove any food or 

o tte r foreign particles from the fur* the gaatre 

trac t was dissected out i t s  contents weighed and 

the liv e  weight o f She ra t to give the set welgftf., whioh wee ueed 

as a basis .in a l l
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! Umtora j|i j& (1938)70 nude u»e •* th is method, fo r
^ntudyiag «*« ohleiun oootent of tfco body «• influenced by thet 

J of the food, Shey mmrfc that although too peroeatiige of body 

oaJLolMO fin a lly  roeohiid woo the *u »  fo r the higher l w l e  of 
intake, %ho rate of ©ulisiileniion wee eonewhat greater on the 

diet providing U.6Q peroent than ob that with 0.44 per eeiit of 

oolotwe. spelre ( W 9 )71 oloo followed thin method and oho 

points out, that a a m  exaot value fo r aonmrftiiti o&leiW:, u t i l i ­

sation is  expressed la  the oaloinn uUUBfttloa footert which is  

the rote o f the onloimi retained to that luge a ted. the d iffe ­

rence between the ornlaim found by eaalyoia a t the end of the 

. osportnental. uriod end that oaleuitited to hare been present at 

26 dny*» exhale the Onloim retained.

Laaford && &  (1941 )7^ studied the ...'influence of d if­

ferent nutritional condiflohs upon the aomal inoreeee of oaleiun 

in  the growing body. Mellon ffc h& (19$2}73 with the help of 
th is method eetiaated too e ffec t of orange Juioe and. line ju ice, 

on calcium mstahellnn. the ava ilab ility  o f nalninu in three 

IfiM M  nenely ooohefoot, timothy end perennial ryagrees, wee 

studied by Aiwetroni <19S®)7  ̂ by uning thin ssethod. ĥe
experiaeatatlon leeted fo r f ire  weeke end the ©aleiu» content i  n 

the earns*® nt thread  e l the period, woe ooapared

with the in it ia l •alaln* content. B 0 B W  i t  h i 0959 )7^  

also adopted thi® method in finding the effeot o f crude, refined  

end hydrogenated cotton seed o i l  on eaXelun
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due to

>, the
of 4a Ihi bonee

in  optmtlos*

atttAjft and the 
end tib ia  were ohoaen,

the nutritive value e f leafy  vegetable* Is o©neidered

in  the following aspectsi A* St.. ¥
1* oanersa nutritional inport&noe o f leafy vegetablee. 
2* Leafy vegetables as a source of proteins,

5* Leafy vegetables aa a aouroe o f nlnsrslfe.

iiinoe leafy vegetables are available a tii 

at low coats, or even free , i t  la  important to realise  th e ir* i
value in  nutrition . Ho (fellNNl * 1 (1939)^  diaouaa the 

high n u tritive  value o f leafy  vegatsblaa aa *l*af is  the s ite
woo is  rloh in aoti*of synthesis of protein and

e £
v lty  ftawtienlhg oella fo r the astaboUc
hioholla 0945)** etatss, "numerous leafy vegetables are in

V

uae in the tropics, and with a few exceptions they are wild
plants whioh have received no selective cu ltivation , hence

* ■<
aoet of then are fibrous, and coarse flavoured, and in eoae 

countries the poorer elaeeee make u*»* e f alaest any green 

g vegetable provided i t  ie  not poisonous." hubrahaanyan 

at a l 0949)* suggest, that such lo a f c e lls  whioh contain 

everything needed fo r the netebolie prooeeeea, oould be 

to be of high n utritive value with reapeot to a l l  the
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Of an adequate diet* lubriduaanyan &  .j& (1949) experimen­
ting with three generations of albino ra te , found that des lo­

cated lucerne lo a f ted an excellent supplementary tala# to 

the foot* rice  d iet on growth, reproduction ate l&ctntional 

performance o f the ax^yoal*) ate teen amaranth was fid  with 

tie  poor Hoe d iet ae a eupplemeiit, i t  was very useful in  

©orreeting the def eote o f the diet©.

the pamphlet *Creea Vegetables fo r Good la tia i*  by 

baited State© Department of /sgrloultwre 0 9 5 4 )^  baa pointed 

out **dreea vegetables are iaportaat la  meals because of the 

nutrient© they contribute * particu larly vitamin A aad vitamin @*« 

lie Carr Ison (1956)^ emphueltee that green leafy  vegetable fora  

one of the three olaoses of protective food©, ee called because 

they are Hell in mineral element© ate vitamin© * in which the 

cereal gratae are Inteing. % providing the mineral oalte 

to a deficient r ite  diet,^ they improve the nutritive value o f 
aute'igraia©»|pjte  further points out, that the frame work of 

the leaves which i© mainly cellu lose, help© in the section o f 
bowel©, ate add© bulk to the diete* She? sate point ie etrea- 

sod by Dewadae U9§9)*^ who state©, teat amaranth, agathi, 
drumstick leave#, aeathi leave®, mustard leavee, spiaaoh and 

many other va rie ties , are a ll  very rich in minerals, carotene, 
riboflavin  ate vitamin 6* bingh (1960)^  etreeeee the iispor- 
tanoe of leafy  vegetables as having a very high protective 

food value* they are rich  in odoiua, irea , ate other aiaerale

2
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and vitamlno a* and 0* Besides their so ft fibrous nature.e> r'5
Vfehey provide nssowanpy roughage la  tbs 4 1s t. fhe panphlet 
be* On

'why Leafy y ifflim iw ?1 by Levadas ( I 9 i l r  also brings out tbs

Importance o f leafy  vagstsBlvs in m  emphatic nannsr, through
effective  captions suoh os "Isu^f vegetables are a rioh store-

t

house of assy food factors* sad "Leafy vegetables holy in 

building strong bones, healthy tooth sad guns."

i

Jfeshpopde ( demonstrated the high biological 
▼slue of the proteins of leafy vegetables and found then supe­

rio r  to dhal protein. through snlnsl esperiaeate ho has shown,
*

p that wner* snartiath n t  used s t  to per oent le v e l, the biologl- 

osl value o f ths lo s f protein use 66.8 per oent, whereas fo r 

puloos a t the ease protein le v e l, the biological value was only 

$0 per oent. he has further shewn, that the aaino aoid eonpo-  ̂

s itien  o f aaaraath proteih suggests the jg pw tertty o f sueh 

protein over that of wheat, rio« or other oereals.

PhaSMlkar ftl (1957)85 have shorn that the inclu­

sion of asaaraath as a supplement to provide protein a t one per 

oent le v e l, was found to lap rove the Protein i i f f letemjy Satie 

of various oereals and pulses. Further observations had 

rsvstaisd the fa s t that when aaaranth was used as a p a rtia l 
aouroe of protein in  cereal and pulse d iets, i t  had reaark#dly~
aaiiFtalned the norsal 
young growing ra ts .



was .also net such lower than alclnaed anile* hur (t96f>)®® 
show that on* psr ©eat dehydrated luoerne powder was used

Kaa&th || sk  0959)®^ report that Anaranth and 
Trl jjiili— Iff ii haws bean f©und to Wa dw#*oi*Rt in aethie*4sw> and 
swan ths anino sold present is not released appranluoly  on 
digestion* On the other hand lysine though poorer in concen­
tration than oaseia, it Ilfcyatwslld to a large extent fro* 
these leafy iugwtublew, ̂ --dfereowar, the Tallies obtained for the 
vegetable powders in m & m n& tm  of ssrun proteins, Bed Blood

and Xanthine oxidase hate been found 
to be comparable to those df ossein* It hen \>een founds that 
of the two vegetables, anaranth is superior to triggnslla in
all the oases except digestibility* a m the rate of release
of lysine froa the vegetable powders is of a high order, it &s
W<\ suggested by the author, that these mgitlWIIwi say be valu­
able in sspploaurmftg lyeine dsfioieift diets, such as thoss 
where cereals are used exclusively*

the ■olwtsrmncn require/aeat of young worsen were 
found by Biatherwiefc g& mi (1922)®^ to be satisfied by the 
ealoiua of lettuce, spinach or cabbage. Adolph g& mi (1932)®^ 
feeding rats with celery at a dietary level of O.l per cent 
calcium found 95 to 99 psr cent utilisation. Mellon jr| al 
(1939)®^ have reported that the oaloiua of lettuce ie sore



m*

e ffic ien tly  used than that o f a ilk  by young women. fcee- 

Kao g i  &  Cl93®)®® found too u tilisa tion  value o f 00 per cent, 

when h a lf o f too e&lcitas o f too milk d iet wm replaced by too 

ccleiua o f Chinese cabbage at a dietary esleium leve l o f 0*6 

to 0*6 fo r  cent, and liavo also remarked tout cdlclum from 

ohineee cabbage was nearly a« v e il u tilised  by rate an tout ©of 

milk. Basu and Oeait (1943)®? Itoraaahyeii, $$, (1949)2 and

our and Bubrahmanyaa (1902) '®°reperfc from their studies, that 

greens such as turnip greens, w n tn lt , lucerne, kale, and

cabbage contain large amounts o f calcium and therefore they
ta©

fora a very good source o f dO-cism* Basu and Qoah (1943) ' 

noted that calcium froa «u®ara»to wm well u tilised  although 

not to toe Mae extent as calcium from s ilk . .looording to 

these autnorontoe looser u tilisation  o f calcium froa amaranth 

ia  probably due to toe oxalic acid content o f amaranth*

Basu (1f46)®^ estimated toe calcium content or samples o f puap* 

kin leaves froa d ifferen t variation, and reports tout toe cul- 

ciua content o f toe leaves ranged froa 240 to 300 mg. per 100 m * 

o f toe leaves which wm double toe amount contained in  milk,
-and moreover the oaldust wm completely u tilised . therefore, . 

he suggests that ailfc could be replaced by sued leaves.

Bur £& (1939)®3 nave shown that lucerne had two advantages,

a ) toe oaloiua content o f ’ desiccated lucerne is  twice tost o f 

ailfc powder and b) toe u tilisa tion  o f calcium froa lucerne is  

equivalent to tost o f ailfc. ho darrleoa. (19%)® suggests 

tost toe best way o f supplying ©tOninm both fo r  toe pregnant
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vogmui and lnotatlni; sathara la  through aULk and la«fy

9 la&ty lijilain an m i n alao rich In Iron. Warn prasanea 
of iron and Ita aywtVatdRtty froa bandar amaranth laavaa and 

atalks baa feaaa pointed out by HagaaiMriK (1930)̂ 2. 
aafcgiataMatraa (1949)2 reaarfcc that luoaroe oontalna twice tha

9

anount of Iron* In aplnaoh. ,

o
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m .

was assigns* to find out tbs
*

-wsgpfcBlhMMt ttffflWITHtfTtXjy in  a  RSBTby W H iligS

la  Blook, asioawbere District*
and in tbs urban arsas of M M M PI City* and compare tbs 

nutrient content and iwritihetilW ®f oaleiua froo tbs mixture 
of wild greens sailed *£alavai kssralVwbieb was found to bs 
consumed by tbs rural fan llles la  M9Mp*spMi village sad 
aaaranth found to bs oonsuasd by tbs urban faaHlso la  
city. A osrlss of «|pVMdH wars I M P  carried out la  

tbs following order.

A. Survey o f tide ru ra l sod urban feckilies to find*
tbe oooBoa leafy vegetable« ooasuitsd by than.

B. Analysis of«JkwMtaB*B and oxa lic  acid la  kalaval 

kooral.

Q, Anlaal e^tfdM Kte to oospore tbs oalolua 

fro® aaaraatb and k a k a d  kooral.
£* MMPM&Lty testa to compare tbo 

of asuranth sad kalaval kooral.

The survey o f the ru ra l and urbaa fa a llls s  involved 

tbs following steps.
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o t  the sample* 

of the method* 
too mm 
of date*

f i f t y  fam ilies wore 0—0—  — — fed? adequate 

to ooastitttte tlio samples 4a each oategory* fhue * saaple of 

$0 fam ilies from M ■— my— vlU fl«»i and another sample o f 
30 fam ilies fro* three illffii— I areas of 9 M M i  (Jity 

selected on random Oasis Oy tafciag every fourth house*

fhe Method eeXeoted for the — i— tarn of 
regarding the fcinde of greehs mainly used Oy the eeXeoted 
families wee the interview method, sine* ■— rtf tug to foung

are useful 4a the iralleirftwi of personal 
data fo r quas—fc&tsm purposes** • ,  as most of the

v illag ers were p i l l —ill i| the i n f  reien was the only euitahle 

sad

AWHI i> wa

P _ < h w » i

. : „-s

Young (1336)" states "am to— wise eohedule is a
pleased list of queetlooe to lie ashed during toe iwiarrlsw"*

a list of questions was prepared to eliolt iafor*- | 
* * nation oa the types, amounts, and frequsnoy of Xoa% vegetable# *»*
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uae4| t h i  reasons for using then* the nethod used for cooking 

the leafy tiegsMAssi aM the aStMMfee and ©pinions of the 

IhmmkImri regarding leafy eegeesM**. 2he IH i f im  sahedttle 

time aonsSsaeted Is given la  Appendix Z«

kith fcom^aakera in hoth ftrVHgptas* rapport wee 

estetoUMod by s e lf  ISM******** exchange o f gveotinge, ant 

esplm etlea of the purpose o f the M M P i  the questions 

were then asked one by one, aim the rep lies o f the kMMMMMNi 

were mmossMU ?nbl« X glees the coanon leafy  vegetables 

eoaeuaed bp the 50 fam ilies in  the urban and ru ra l areas,

the frequency of p M M M g  range o f quantities, and

umber of



n >

tmM  i .
oopbiom m m  ii ■!■■■■! n by m m  aki> kuiul

fahiueb. ^

Loafy
¥0f• tables.

Qltf (Urban;

$X9~
queaay

ovaatl- Ho.of 
U m . fasti- 

U«s*

{hurtaj

Mro- ijuaiitl- Mo. of to­
queti- tioa* £mk- ta l
«y* OSS* lia a . Mo.

^wura&th t -2
aatly 2 -3 

4 -6
ftfloo 1 -2

a
nook 2 -3

4 -6
Qooo 2 -3

• a
weak 3 *4

4 -4
\

^arupa- ■ Twice 2 -3
keerai a

week
QUO*

a
nook

1 -2

M M * (ktoo
a

fo r t
flight

2 -3

y ■■ Mil Mil
koorai . W

Mil Mil

Mil MU

Mil MU

4 36 MU MU MU
8 MU MU ifu
3 MU MU MU
6 MU MU MU
5 Mil MU MU
2 MU MU MU
4 MU MU MU
3 MU MU MU
1 MU HU MU

6 10 MU MU MU

“•a
r'4 MU MU * MU

4 4 MU MU MU

MU U*Uy 1 -2 3
MU Twice

a
weak

1 -2 13

MU Once
a
week

* -1 *22

MU Gnoe a 
fo rt
aigkt

2 -3 12

30



Pro* the data given In fable' X I t  is  d e a r that 

wan consuaed by the aaxlBtia nuaoer o f urban fs a llie s  

and freletw Ussi'n I by the largest masher of ru ra l fam ilies.

knlavai keer&l la  a aixture
«

of tan varie ties o f laafy growing fa  the fie ld s , ^

or la  tha was to lands, cuaong tha weeds. 39»e T ill agars, plunk 

thasa loafer w id ttiit ii and use then In alxad forae* - the pro- 
portion of saoh leafy lifp ia ila rin  tha mixture dapands on tha 

a v a ila b ility , th* naaas and HimflptlWn) of thasa leafy vege- 

tables ara I f W i l  below with thp
a.aspara lin n ), 

splnosus Mii&J*
1• aaiurivi

fhoya keoral (Mgere 

4* Koval keoral (Oooolaaa i&dloa).
5. Knppakeerai (jynarunthua v lr ld la ) , 

6* iarrlnggl (Tribulua torro a trie ).

7*
8 , hivenar Yeabu (dustioia 

9* fa lla  fceerui (Bergularia erbenaa), 

UMHtfltln laavas (Cucurbit* pepo).

It*? * ) i

i(Plggro tjp-31 This plant la  ereot, sparingly branched, 
with the height of one to three fe e t. The aten is  

i, s tra its  and hairy* The leaves are elaple and are 

and shortly a talked, the tn fl ropes wanna la  sn
elongate terminal eplke attaining a length o f even two foot.
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’£ h » fru its are single seeded wad easily etiok on to the skins 
of antaals or the elothiag of hunan feting* and get dtapewMJU 

fha plant ie highly aU M M ly and used for t— ii—nt of various 

diseases, especially for piles.
*

?i m m -tn in f - 2)p iw>. Bnl l fflilim i is  an or eot, or deet»~
feent annual herb, flowers are sn ail anftmtrrlmi* in  ax illa ry  clue~ 

to rs. th is plant is  very ooonealy found in the neglected waste 

places and gi metciMia r  la  fie ld s and gardens. as the specifio  

none iiidiintes i t  ie  easily  node out fro* the throne found in 
the leefp exile  and at the fease o f infloreeoeaqe. The eten ie  

round, and stout, and the leaves are stap le, alternatet exati- 
pulate with long petio les. I t  is  an antidote fo r snake b ite .

i
(Figure 5 ) T h o y a  kserai is  one o f the nest 

weeds found in a l l  kinds o f so ils . I t  thrives beet in  

aoat loamy so ils  of the uiltlM ated fie ld s . The stea ie  round.

s tria te , glabrous, or very sparsely hairy. The leaves are j

eiaple and alternate. The flowers are pink, eeeslle , occuring 

in groups of three and are arranged in lax ax illa ry  spikes.

a . Maud few iiAt (Figure 4)?^  This plant is  a Prostrate or 

oliafeing herb and a thick tap root. She branches

are glabrous, grooved, and have staple ten d rils. the leaves
are staple, alternate and ex-atipaia ts . they are often glab~ 

roue, but are sualM M  tough with papillae. These leaves 

are M tiih a d  and used fo r fevers, end the tap root is  useful



(#*#«* $)|><a **»•*»•>»* 1* ioi erysot, glabrous,
and branehad plant* fhe leaves are single /d tu rn a ts» exfetipu-<
la ta  with long patlolae* She flowers are arranged in  terminal 

ox ax illa ry  elongate panicles* She leaves ara eaten by the 

poor paopla*

(j, ttlittmuriHil (?*««*• d)pn.Merringgi ia  a proatrata oerb, with 

pinnata leaves and yellow so lita ry  flowers. I t  ia  a branched 

spreading her* with daaaa hairy a tana* $ha antira plant ia
a cooling tonic, d iuretic, and used in urinary disorders.

2aj| lttg g ftlt( figure 7)f ^his plant ia  a aoat uunbpimuras and 

acipmnfm vaad of sBHHkHsb in &cuth India* I t thrives 

we<Jl in both dry and garden lands* i t  la  a asscr^ant herb, 
with round and stria ta  ataa. branches ariaa froa every node, 
leaves ara fleshy ia  opposite sidsa on a%ual p airs, and ara 

round, ovate, glabrous, green above and pale and glistening below, 

th is plant ia  good fo r M M «  I t  ia  an antidote fo r aloo- 
holio poison and should not be taken with gxlngelley oil*

(figure tt)jw. hivanar vaabu ia  an erect and 

non-bushy* the leaves are sn ail round, and ara attached to 

tha nodes* At saeb node there is  a d u ste r o f leaves with 

small seeds* She flowers are pink and white and are vary snail 
in  sloe* fh is in also •**H» people*

(figure 9)/v;. ®bis plant ia  a proatrata, or 

oliabing plant with brunches « and1 teadrills*  Jhe laavsa are
simple and alterant*, and the surface o f the leaves are vary

■s*



>th and slig h tly  wslvstby

ij (Pigura 10)f*s.flttn plant la  an under shrub 

olimbia* by naans of tandrila. This plant balsa*® to gourd*s
y r

fan n y. fha laareo are staple, alternate, and. easttpulate. 

Xhia widely gross in trop laal warn araas.
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Vast d&tfsreisSe* are found between the urban and 

ru ral fam ilies In tbe methods o f cooking greena and tine taken 

fo r oooklng them u» shown in  table XI •

tABLM XX *

jurnot* mm mi oookxw m m  mmumm
'  m  urbak ah!* rural ftgixuua*

Colnbators CXtjf (Urban) (Rural)

ftethod of
cooking*

Method of

rw,
i .  £sdi^> 4
„ the green* are washed, 
out and cooked in ju st 
enough water along with 
onions, c h illie s  and sa il, 
and seasoned*

2* Haseals S
The green* are washed, 

out, and cooked in Just 
enough water along with 
onions, and
s a lt and sashed grind 
seasoned*

10
The red gran dhal is  

put and sashed* Orsons 
are washed, out and coo­
ked separately with 
onions, o h illie s  and 
salt*  the cooked greens 
are then nixed with the 
sashed dbwl and 
ned*

fine*
nts*

42

She greem  are 
out, wahhsd and 
cooked in m usic 
water and seasoned 
a fte r discarding 
 ̂the onw«t cooking 
water* <*
2* 10

the greens are 
out, washed and

, cooked In excess 
water, and nosh­

ed with sa lt  
a fte r discarding 
the excess water, 
and seasoned*

26 133. ftffm  -koStu; 
the red gran dhal 

is  oooked and sashed, 
tire eras are out, and 
washed and cooked 
with onf-̂ ***, o h illies  
mm* in aataaaaw m  swensa. w a * ,  wwnetee^wnrw

shed af­
te r  discarding the 
sxesss cooking water
and nixed with the ; 
Bashed end sea­
soned* '

■— ■...■■mill iLiiwwriliTi ■*!»I ir..,

ho* of

50

50

20

steW.



jftWMH fable 22 i t  Is  clear that the 
of tcuUULIm  in  both the urban nnb rural arean p n f« r  *&&*&*!" 
and "ftaeeal”* m a m  these too 0 m p tm sM Q n &  were eeleeteh by 
the investigator to ©oiap&re the paiai&biMty of anaranth ami 
fcal&vai keerai.

regarhiag'tli* jpepular attitudes and notions 
about greene was ̂nolleeted and the remiene given by this urban
K*uemiM»i3,k«s im» »m t&falilUteS in ^ kin 111 »S‘

fA ia  m «
niasonii &!vmi m  fMK momf iio^vau,^ mm, imumua m m

W&M&MUm $M HU ttZMMiM*■ *
So* of for-

t • iivoMe constipation 50 100
Mm ifaey to nook « l r 49 INI
3* lutritious . -90$ 48 §6
4* Heal* nlmm in mouth and atomaoh 46 92
5* Very tasty 40 80
6. Rich la iron ;.\ 31 62
7* Aits variety to the diet . \ 22 44
®. Very attraotive \ 16 32
f. purifies blood -\ 10 20
tO.uelpa in hair growth \ - 4 8
11.food for nerves \ 3 6
It.Very cheap 2 4
13*2agpr<nree complexion 1 2

Froa fable 212 i t  ie  evident that mmy bm*mk*r» here 

some knowledge regarding the nutritive value o f greens. I t  ie  

surprising that only a few no«eaakers (4 per ©eat) aeoept the



fact taint green® are cheap. m i t  is  evident that th«s high 
nutritive value of greens ha® popularised ite  use r&ther then 

ite low oo»t. In the ©use o f ru ra l InheMtaate, without any. 

exception every one is of the ©pinion that leafy  vegetable® are 
very nutritious and good for health. ■

' mu© i t  is  clear, that there are wide difference®
between the urban and rural people with regard to frequency 

o f ieg’i green® in the dietaries, and the aettadd o f oooking

greens. the urban people do not- dieoard the cooking water

and fifteen fam ilies use green® regularly § where a® in rural 
area® a ll  the people dieoard the cooking water, and the tine 
taken for cooking greens by the rural folk 1® comparatively 

greater than those o f urban people a® shown in. fable I I *

Shis survey revealed that the widely used leafy vege­
tables by the urban and to# rural fam ilies were Mwurmlh and 
kalavui keerai respectively. knowledge regarding the nutri­
tive value and supplementary effect o f amaranth on rat® fed on 
poor rice  d iet is  available, but a® there la no‘ Information 

on the nutritive and growth promoting value o f kalavulkeeral, 

i t  mm eeleoted a® the subject o f study fo r this investigation, 

to be compared with amaranth. for experimental purposed equal 

quantities by weight of all the ten varieties of wild green® 

were taken to constitute the mixture, •Xalavaikeeiul*.
s

Only kaluvaikeerai warn analysed fo r the following



nutrients namely moisture, calcium, Iron, vitamin c and Ca 

carotene, nine® the n u tritive  value o f amaranth Im already 

known Uykroyd s i Ml 19d8)**«

M ible portiona of the ten different leafy vegetables
./. %in k a lava i keeral mixture were cleaned and taken in eijual qptrn* 

t it le s  by weight and dried at #5° C in hot a ir  oven, fo r two 

days. idried leaves were powdered with a mortar and pestle ■
jhad need fo r the determination of calcium, phosphorus, iron, froieU 
««A o&rotene* for the determination of vitamin 0 end moisture

t*0 m» of freon leaves of each of the ten varie ties were mixed 

gnd used. / the aethode adopted fo r the determinations of a l l  
nutrient?, except vitamin 0 were those o f Vacobs (1958)^** 

h'wae precipitated as the oxalate and the amount of cal** 

cion determined hy means of titration * Phosphorus
i' )■
was estimated by tttr ia s tr io  method, in which the phosphorus 

in 4  test Material is  converted to pbosphomolybdate dissolved 

in  standard a lk a li, and the excess a ika ll is  titrated against 
standard acid* Iren and carotene were determined co lo ria etri- 

©ally using l l e t t  huMerson calorimeter* Vitamin a was e s ti­

mated by the 2i 6 dichlorophenol indophenol Visual titra tion  

method, as described by the aMOOla&iQm o f Vitamin chemists 

(194?)®5* dines the oxalic acid oontente of lea fy  vegetables 

a ffec t th e ir u tilisa tion  in  the body, CdiriClfdO}3?  dohston at *£ 

C19S*)3^ and & ib r a h N a i¥ a ty jl ''tW )34, kalavaikeerai was ale© 

analysed fo r  its  ©xali© acid content follow ing the method described 

by Majumdar (1958)^. *10 to 20 p u  o f the fresh test substance



■1

were ground with glass powder is  a mortar and the whole mate

was transferred to a beaker. I t  was then boiled with 13 per

sent hydrochloric acid, filte re d  ewer a Buchner funnel and

thoroughly washed. The f i l ia t e  was made alkaline with ammonia,

reaoid ifled  with acetic acid mm fip a lly  precipitated hot with
* .

calcium chloride solution. This w:.s filte re d  and the residue

• boiled with acetic acid and again filte re d , a fter which i t  was

thoroughly washed with waiter to mate i t  free from ohleride.
• •

the f i l t e r  paper -was ignited end ashed in the e lec tr ic  furnace.

the calcium oxide was next dissolved in. a l i t t l e  hydreohlomtlo 

acid, made alkaline wjlth ammonia, and precipitated with ammonium 

oxalate solution. The calcium oxalate thus formed wae filte re d  

and washed free  from the soluble oxalate and titrated  with 

standard potassium permanganate eolation. .

3$.

t In order to compare the retention of calcium fro®

kalavaikeeral with amaranth, albino rata were chosen as the
qn

experimental animala^heoause as referred by Parris ( 1 9 39 ) #  

rats are widely used in the laboratories, because of their low 

ooat# small space requirement, treatability, omnivorous dietary# 
short time span of generations, large liter® , and they can be 

zeedily standardised. -

t •

• ■



14# otops tadon fo r  t4xa la M M g ^ n  aro i- 

!•  f liir tto u  paopMKOtidll o f too basal d iet,

3 . ^election of eHuip»imtf

4* Wfcooiiott of %4« ra ts9
3 . nw— atnp «4o food oonaii&ptioo of ra ta ,
6 . Hoeordio  ̂ ethor •Ooa*b***ofcr**ratM#

3. _

7 . fisoordlag voi^ot* of r&ts9 i ■
8 . M M I 1 1  oaloiwa balance studies, and
9. a n a W i  t4o calciua content. of fosaur nod tib ia .

fbo “Poor iioo Biot" used by ftaooo nod I M it t ls s  

(1945)1  ̂ no* selected 00 44# banal d iet fo r th is atudy, since 

ill is  typ ical o f tfco Sooth Indian rioo diets oooeusaed by a sono­

r ity  of t4© people* She n t p M M i  o f the Poor Hioe Biot is  

<jiwn in Table IV.



5 *

$mm iv.

mmmittm of m  babm. B u t.

Ingredients. Amount in grass.

Par boiled r io « (M illed ) flou r 65.70

Medgrsm dhal flou r 5.00

Brinjal 4.30

law plantain 2.10

dingoHy e l l '
■

0.43

totton 0.26

Ooeonut 0.21 ,r*

D istilled  water 1/2 ou^.

Fro* to# ingredients given In fable IV to® basal

diet*!®  prepared ne follows s
#

m t vegetable#, mutton &M coconut were minced and 

nixed thoroughly with to# ©toer ingredients, steamed for 25 

stouts# in  ait iddiy steamer, mat sods into balls saoii weighing 

about 50 g*u the ra tio  of toe weight of uncooked to cooked

dint was Is 1.7.

to# two experimental d iets used In tM® study worst

1. Basal ♦ dehydrated aaaranto powder.

2. Basal *  dehydrated x&lavaikeerui powder.



\%9 required to s»ot attoo le ve l.

ttot optiaua oaloiua rmqmlxmmBit fa r  the ra t wMoh la  50 sag. of 
calolmm par top fo r  rat aooordtog to fsrrto mod driffth |ti5t)^ 
was 1 «5 p i, of dokydratod asarantii .,owd«r nod 2.6 ga. o f toiiy- 

dratod kaltfr&ikeoral powder.

toe edible portions o f oaofe of the toa w to t to s  to 

too totoesUttoorai mixture wore ptokod, and o%ual weight® o f 50 

go. stood too th er, unshod ia  dtottolod vaWr, ami dried at 

65* 0 to  an olootrto hot a ir  own. the dried eaapie was pow­
dered, stowed through a 30 xsesh sieve and stored to a dark blu* 

bottle s itu  a tigh t bakelito lid . fhs sane prooodart was adop- 

tod fo r preparing too dehydrated aaarsnth pastor whieh was atorod 

to  a darfcbrown bottle, to  order to rttotiaprtoh i t  fron too other*

the required aiacunts o f tohydratod aaaraath &ad kaiavai 

keerai powders, that to 1.9 go. and 2.4 gs* rsopeotiwelyf were 
each atoed with oo* toaspsmrful of water and steamed rngmerntm̂ f 

fo r 30 oooonds. mm s tossed torn# posdero sore thenatoed with 

50 ip* of the cooked basal d iet end fed to rata . •

the equipment used for the expartoeats were*-

a) ordinary ra t ©ages# b) at o t o l l t  ©a#®#* •)  ©haus s o ilin g  

balaaoe with antoal b©*, dad d) the apparatus fo r ©alotoa



m

Rectangular cages ande o f aluninlun 12* long, 8* wide .; 

and 9" high were used in this study* She cotton o f tte  o«gca ;;

consisted o f m lsed w in  an&, under which mm placed sliding 

traps, which coll# a ted the sp ilt food and tne excreta. Sash 

©age 0«A n ©art pinto in  which n eard, m  shown 1a appendix 11 

to note down the particular* sum on tte ' ©age nusater, the d iet 

given, the dally food intake, tte  weekly n i # l  o f the m te 

observation on pw<!t defl oy»ptiM*a 4 n
inserted. the Cotton trays fo r  ©©Hooting the s p ilt  foot and ■

the excreta could too easily maond and wonted da ily . She ©ages 

were wasted with neap and phenyl twice end nook and sun dried*

For feeding the ruts, enenel plates o f 5* disaster i( .

were need in order to niainise tfpMxm* For supplying drinking ... ;.•-*■' ' . 1
water9 kettles with aeta llto  tube® at their souths were need. •

Step were fixed on tte  tear o f tte  cages in an inverted position, 

an shewn in Figure 11, so that tte  rats ted m m m  to these 

tubes, through which they could drink water* i>l» t il le d  water  ̂ '

was tte  source o f drinkiri*, water*

were cylinder shaped with a wire

atgh £>ott<m» a »f »*» ni tuaini um funnel attached to tte  bottom
«

o f these cages as shorn in iigure 12, to ooHeot tte  drippings o f 

urine* dims bottles fo r eolXeoting tte  urins were placed wader

: -
•ft
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the funnel# and the newsies o f the funnels were inserted in the 

neck o f the bottles. ylaas wool was pinned in  the nosxles o f 

the funnels to prevent pieces o fq p llt food and faeces, fe llin g  

into the bottles. m  in the one© o f the ordinary oages, dusk­

ing eater bottles were fixed, and the diets served on exianel 

plates.

An Shane weighing balance with an antaal box as shewn 
in figure 13 wee used for weighing both the diets and the rate.
It was graduated in gmmm tmm 0.1 #s« to §00 gn.

the appsassSne seeded for ealeitan dutiewttTTBflMiw were, 

glass beakers, funnels, whatnaa ho. 44 filter paper, wash bottles 
porcelain files, gins© reds, funnel stands, Hansen burners, 
silica dishss, pipsttss, end aicro burette.

Twelve, 2Q daps oM sale albino rats o f the Via ter 

strain were used for this etudp. fhep were divided into three 

groups of four rats, eaeh group ssiifftsInliTt, the sane average 

weight(48.5 to »  49 gpu)

One group was used for the basal diet 
the control group. the regaining two groups were 
with anaranth and fcaleSuttssHal powders

* =a- >*r*

*
t-xt-i.
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c‘«W-

the groups.

me ammt o f food given daily to each re t wee so 

adjusted, that stout 10 to 15 ga. o f the food would be lo ft  

overt to ensure that the rata had enough to eat, since the 

feeding was attfWMet. the records o f daily food consult ion

were aaSmeSaad toy noting the weight o f the food given and 

the weight o f the food lo f t  ever to the nearest one tenth o f

a m * la  order to deteentae the losses in  weight due to 

euqpM M pi o f noisture fron the d iets, an aliquot o f ths d iet 

was placed d a lH M B h r  in an eapty eage in  the XahWBtss^» 

and weighed again me next aoralng. fro® this xifsssrtues, ths 

average noieture lose was found to toe three per cent o f the freed

weight. fh is o h m U s  was aads while osftimlnetng the actual 

food intake by the rats.

eyas, skin, ta il oo&t, and whiskers were daily ofempuMU Any 
synptoas o f defiatimndee or sdManshitias were recorded on the 

cards.

I'p

me four rats in each group were weighed on the f ir s t

day o f the experiment and kept in tseseuiual cages, each o f whieh
v-r£ak'

■ « ^ s ftai



. ■ iQ* ■ -  . j

‘ " ' . ' 
oarried the cards to note the actual data ©f  waaiag o f the rat, i

the cog* sstaRter, the d iet given, the daU# food intake and the

weekly weights o l each fa t* the rate were weighed every week

to the nearest one tenth o f a g&* sad the weights recorded with
dates, fo r eight week©*

the following 

the Gaisina Balunse studiess~ 

a) GalolMi
h) uHloiuas

« )  Galoiiai

were carried ©at for

diets*

during the second and eighth week* of the 

a ll  the rate were "kept to the a#tah©14© ©age© fo r the whole week, 
the eoHafftiea of sad urine was mde during jtfce la s t

four days of the SHpmriHwe weeks fo r eatiaatiiig

the reasons fo r ©wMuotiag the onloiua halnnee study 
during the second week o f the period was to allow one week fo r  

the rate to get adjusted to the new uniUtnr ana foods9 and 

eeother QiiXoixm balance study at the end o f the awyarlaontei 
period (eight weeks) was - rmw'liwtnrt to find oat whether there 
was any dlfferenee in aaloius retention due to age*

M

V

the faeces were ©©lie©tod free  the screen bottoa * f



oagee every day carefu lly , naoTii^ the adhering food 

stored in bonkers with in (Tielein aethanoi to a * M F 'li ft 

and kept in the rn fiiju ia to i 1959)^*' A ll d o
faeeee uullsotBrt d u rig  the ported o f four daps were stored in  

the saae beaker* The nsthod followed fo r the cdSiim  analysis 

in the fosses was as follows*

Ihs fasoss wore dried a t 65° 0 in  on hot a ir  oven u n til
askeJ,

weights wore reached. the dried faeces wsre^ddssolvsd 

in 10 to 15 «1* o f neiiesntwntsiil lurtwnihl—ln acid and aads up 

to $0 nl» u tth& levniad  water* Twenty *1* aliquot* of the 

ash ooiutioa wore taken fo r the eetfaurtsn o f oaloiun vain# tlio 

oxalate pensaagbate ttmratlon oethod, to which SO « I. o f at*  

entMwetirt asnoaiun oxalate solution mid SO nl* o f aimonia wsr* 

added and boiled fo r one aiauta. *hile tha solution was s t i l l  

hot, two drops of g lee ts! acetic aoid ware added, and kept 

adlde covered with a watch glass over night, to fao ilitoke  

pltation  of odeiu* oxalate* the oaloiua oxalate 

was filta rad  through jj—lifts lie s  tfhatasn do* 44 f i l t e r  paper, 
and th© gossip i t  sties washed with hot fttatl^ ad  water, f illin g  

tha fuanal about two thirds f a l l ,  and allowing i t  to drain 

»—pletiT j sash tins* The washings wars teeted fo r ah lerti— 

bp aeUeottnc &o&* in  * tost take, rddlnr a drop o f S per cent 
s ilv e r n itra te  solution* ''dhsMi th* wesfclac^were free free  

ohlorldea; a holed was aade in  the centre of the f i l t e r  paper and 

the jpTaalfrftiataa were washed into a banker with SO nl* of 6 M hul- 
phuric aoid, end heated to 60° to ?0* 6 and titra ted  against



The urine fo r oaloitam analysis was oollasdsd In 

bottled dSMmlnlag 10 ml* of tbs fSesMMMso, thut is  s^ual 

quantities o f tluene and f l ia iN iM i sold, plaoed
beneath each funnel during the four day sd lli solan period. ' At 
the and of tbs no Hast Ion period, tbs funnel* wars washed with 

d is tille d  water, and the washings wars added to the urine in  

the bottles,

KeCruddens (1911)®® aathod was usad fo r tha analysis 

of oalcium in  the urine. The urine thus tjn) leeOert was mad* 

upto 200 ml. with d is tille d  water, and filte re d . Whan i t  was 
fa in tly  aoidie to litmus paper, ton ml* of osmsbAm M  hydroch- 

Xorio aeid, ton ml. of 2*5 par oant oxalio said and sight ml. 
of 20 par oant sodium aeotats were added, and tha mixture allowed 

to stand over night a t room taftpeemeusa to maximise tha preoipi- 

tation of ealeium oxalate. the next day tha o&loium oxalate 

ji rami pi lo ll was filte re d  using qpaMfeMise Whatman Ho* 44 tutor 

papar and washsd fraa from ohlorldas with 0*9 par oant* ammonium 

ox&ldte solution. Whan the puMtpdfttfle was fraa from ohlorldas, 
a hols was nads in tha f i l t e r  papar and the - calcium oxalate washed 

into a clear flash  with d is tille d  water, and the voluue aada 

up to 50 si* Ten nl« o f oasismfemaMt sulphuric sold wore added 

and titra ted  with standard potassium pesNmpammee u n til a pin* * 
colour which lasted fo r at least a minute resulted*



mrim  the collection period an equal portion* of the 

diets eerred to the four rate in  each group, that *• * ***** 
p o rt ly  uas fcept in  a beater uni planed in the re frigerator, 

a fte r  the collection f#nwt o f four days, the d iet samples neve 
honogenised, uni aliquots ashed -to estimate the* ot%loium ©oatent.

» e  fa m i and tib ia  w »  removed fro® the ra te , 

aeocrdlng to the method described by o&lverlgy S i ftk (1949)^

and analyeed for th e ir ealoim content. i t  the end of the 

eighth week, the rata were chloroformed and the right femur and 
tib ia  jreesovtfd carefully and soaked in ether to dissolve anda
renoee the fa t particles. After editing in hi ether
for two to three hours, the bones were washed again with ether 

and dried to constant weights at room temperature. the dried 

bones were then ashed and the cal cium content determined as 

described by daeob (1958)*4.

■trUe

OocridBi experisaents were conducted to judge the pala- 
ta b ility  and acceptability Hr various preparation* of kalavaikeerai 
by a panel o f judges and ooap&red with those of amaranth.



6*.

IteN  involved*-

1. Selection end
2. H K illim  of the testing panel 

3* Developing the doors card.

o f leafy  vegetable

tide

in table XX on page 49, *y©rial*
' were found to he the seat ooanon leafy vegetable pro- 

these two pMpMMtnMi were therefore selected fo r 

toots.

dweetaaa ££ &L, (1954)^  state that the most o ta tie - 

faetery way to toot foods fo r texture, flavour and pnlatofeility, 
la  to oerve the Beetles to expert huaan judges and ooapare their

In order to eoloot the tasting panel the triangle 

fee t aetiiod M M  by bows (1955)100 wae adopted, la  whieh the 

te s t unit oonelete o f three food snoples, two of whloh axe 

aliquots of the wane single. d ll the three e a g les  are coded, 
ao that they are known only to the person who Is oOateiateeing 

the te s t, and not to the persons who judge* ®*« -MHftbers of 
the panel are requested to pish the “fTTffii sanple, and indi­

es te the reasons fo r  their dwHeletts a fter three 

teste , those wfco had been iiMirtiitmit in pointing out the 

sanple oortrsofly, are eeleotsd to be the

e
■%

. 3*
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In additon to th eir 

la  taste uni flavour as 

the Judgee should 9o healthy and free from 

in the

to the 

(195S),0°,

, Vith tii* aW # point* in view, tit# triangle X##t 

van adslnstfered to aix aenber®, a l l  o f when were hone Science 

graduate# of S ri M M M M p  don# ioloaoe graduates of furl 

AVtaaahl£&0Mi lione science Ucllege, dMtthnMaa. they ranged 

in age free  20 to 29 years, and wort in perfect health 

and had a high degree o f personal in tegrity and 

to co-operate in Judging the products.

two equal parts of the ease sawplee of axuyranth wore 

cooked sapauH tf using so ft water, and hard water 

$o aaartiuahe the unit fo r the friangla to st, two 

one part m l one fron the other were presented to the Judges.

fhe triangle feet was o n t n M  three tines. the 

cooked products were served on white porcelain plates in iden­

tic a l fartMBhaa which were sUSXSaiflRkt fo r the purpose of tes­
ting. the staple score oard given to the Judges to pled the 

sample* is  given below*-
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TABU, V.

iiUOKb OAtt FOH UhB IS SajUtSShB MSBS.

Daft

HOS

snspls
T
| Him ie  i t *

f
- f!

1 I*i*<.1 -  1
signature of thewdgo. 

the three es&fles giWB two

I ttn ttM l and one is  ............. * Kindly ***** which is  ths
joiffMot aonple sod how it is .Uffsssi t. After tasting •««» 
jsample floss® drink little water and pause a while to resows 
'the taste of that sasple. Then taste the next sample* ______|

f t i  the six  graduates were found to
seleeted to constitute the tasting panel.

A score card as shown in Appendix III wae developed 

in  order te help the six  fudges to oarry out the ofcjeotive rating
0f  the cooked jjia jw rs llM  of the loaf? sapM A **. the sooroe 

were fey il— n HiTHim terns in a graded nanasr.
the c rite ria  listed  in the eoore sard were mainly based on tho 

q u alities, usually Xooksd fo r in lsa fy  vegetable
-Sift



euoil aa dolour, toxtur®, %&»%•, and other proain«at chamoto- 

rie tlo a  U J» tb* n U riM ii o f tim produota. m omUhiI ; throo 

daearlpUona for oaeh of the %ualiti«a *or* t olwl i W t tha 

dii g l y ttw  tofss na|ln| fr©» th« imparior to tito In ferior.
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\j b bsu iys

Tho roo&lis o f IBs oonduetod &r« SisoassoS

boles fro* thro© angles* They or* »»

A* Analysis o f falesi Keerai*

B» A s tllM U if of Calolus 

1. Growth tu«y

2* Oalciu s bad an 09 study

•>
b) Caloiiss retention 

5* Calais* oo&lial of fsrar lS Is .

C* Issts*

o f Iaia«al

fteoral r ie l oat acid the resu lts aro givan M ow in

table VI.
fAS#S VI.

a s a iis is  o? m i t ai  xisbai*
(Values par 100 on not basis)

<*» of
safy Moisture fro  

®®* ®®*

i
to  
bias

Moisture tro ls ia  Celsius Iro n  Sifc|s#* fit* ®

'3%/-

S ( 4 » v 4

* Aammatb SS*S 4*9 0*90
■fb-t

i«  
lo ins of
m **»

7.230 •§
0*10 ,̂ -V. tfSOOlo 179

11.000
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From the resu lts i t  is  found that Kalaval Kesrai Is a 
rich ooures of etnerm if and ?nrsS<ns, and when compared with 
aaaramfe i t  has a high content of phespfesrws, while i t  is  

poor in  Vitamin C, content, the lew Vitamin C content may 

he ailTihsied to  the fa c t th a t when the Kalavai Keorai was 
analysed fo r i t s  vitsmin C content, m i t  was not in  a very 
fresh ism ittl nn, because the Inma—lgstnr had to  go 15 miles 
away from her rn ti damns to co lleet the reens, and the 

oelimeti nn o f the ra«ns was done in  the morning and the 

eseimmmfcems could he carried out only in  the evening. fa r t  
of tho vitamin C in the greens might have been lo st during 

th is  time. The same r^ 1 iminl nn may he given fo r moisture 
content also , ~incc the calcium content of amaranth and 

Kalavai Keerai are more or le ss  the same, the l avestigatsr 

was Itsemsmeri to e ompare the a v a iliM lity  of calcium from 
Kalavai Keerai with that of Mmemmfch, Hence biological 
studies ar% diaememed below.

ihe c rite ria  used fo r jud.lng the a va ila b ility  of Calcium 
were (1) growth study (2) Calcium balance study and (3) Sa ti- 
motion of Calcium content of femur and tib ia .

Table VII, glvee the data regarding the average weight, 
aid the analysis of the mean differences of the weights 

gained by the rate  during a period of eight weeks on basal 
and swrp wim isrei d iets, which w@rs eel related from the data 
given in  Appendix XV•



?Aa&s m .
m & ^ i  uaik m  vKimt ax using rats p b i a* a 4 li a«d

WEftlMSNXAL DIBfS mjItllK llO llf *88X5.

Werags in itia l Aiiragi fin a l ^llghtgain- 
« * * •  w sightg*. "*«**

Basal dlst 49.0 85.2 56.2
Basal ♦ A«arnth 48.4 101.7 53.3
Basal ♦ Kalavai k tira l 49.0 104.7 55.7

a h a u s is  or MXAB DZFrsasifcss or vsxghxs

Moan O lf*
of ytlAftt, fsranca

g®

***£«
Valua.

l*¥Sl Of
significance.

8®#

17.1 6.9 2.48 P < 0.05

19.5 7.2 2.70 P < 0.05

2.4 7.3 0.32 P > 0.05

Basal against 
basal ♦ Amaranth

Basal against

Basal ♦ XJLavai Kasrai 
against
basal ♦ Amaranth

* 3 .1 .(standard error).

S.S. / £»a -  <ii«La _ ^ y)a .  "1 ♦ ag
/ ■>!____________ »a “i  “a

.  uni..................... .....................  i . .  . . .  . . . . .......................8 —  --■■■ y>

/  « H K a a - l

®1 a ^
na .  n Uyn !!>£►* D f  f Ol̂ S

Moan diffsrsnca
** *tf •  standard Brrsr o f tbs assn difference

According to  walker (1991) • ft* value asaairoa tbs
significance of tbs differences between naans of tbs groups.
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m  sees faros fateis titt t  &m  is  * aigaLfleaat dlf<fct»:ia» 

fceteea t e s i  m i « a * v i.m ts li f**up» rngmatim ^
vlth X i the Mpsvisttsftgi diets the OtffteteieD is  w»t slgrttftoaaijr* 

*te*ee of sftgnlftaat &l£t®mim  bstsetoi the tw» m e t im t e i  

4iots 4eio te that as ast^tewafc to *peor s i so diet* t*»th 
te a «  faw ns h m  iNpsi 1Ritas* aoesMtag p i ^  p mwmrni*

doltg tm  mm w^Lmm &>vm i i  If* tbs givetti

of rata la  •<**& gsan  ̂ is  M M A e a ll/  vespSWMatei in  figurdtt

y.12. n>e/e is
m  m w m  i m  m  n m Ij»  latte® * i»  * m i4 » t a  of the

A

©^stasa&ai gtesips* £ s te f' iaoftiii## is  aeea Ma Mm §xvMH 

cu rses o f  rate* i s  a l l  t e  te*s*?s gf-oat#* i s  t e  f i r s t  *Mk» 

after »itsh  t e  g te ta  ra te  grafeuA aart ei»yfc fiismtei* 

the &«& eiT tb* third was* tit# d&Ctaeaaes af» d lsi4 i«^.ir 

sh»*i* e&i too giawtb ta ^ is  o f tw  espetisesta l groups <im 

-mm higbs* * ^  t e  b a te  g rw *  wisisii pmmm t e t  fcrth 
t ;o te fjr  feg^tebte mttmum t e  g w th  of rats fed eu *i«ar 

Hoe diet** i i  oox jsSiig the ftowth ™ai*iu3# the isunasr of 
rites fed m  *1m m X f&ui lataeiii K< revel* is- at tha highest 

ItrA* pse/lag the mi>t>rlurlt<r o f lU lairel I t e r s i « r* r
A

aaeresth fo r gro^ t̂h*

ffia ita A  ,«m firiw si t e -a s t e i . l l ia ,  o f iftn  n l »
It^s ie x I w e sr^io #  of the rets is. a il the ttiteo groans 

* *  ehaerssA ^  the Iwtetigs*** thseegh&*% Mm m$m&Mmm&a3> 

portad* sad mjp eatfasdel 4 M C Ltlsa «r.^M te » fmmtxt la  the 

ro ts *ev» rsm ted *  f i s  rh » lB p # h »  o f toy rata  i s  t e h  
g»s§# apt sHo^a la  #i«onis i% -lS  soft i?  «  ^«^si m § M  4k M

■b-
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tiegardiog the deficiency syaptoaa, one of the poor rice  

aiet ra ts  showed signs of alopecia and dival^pad a patch of 
i n II111—i si on the le f t  side, a l i t t l e  above the hind leg  

(figure 15.) fh le  ra t was farth er uHit iib i!  fo r i t s  
physical a c tiv ity , and i t  was noted to be lethargic and 

vary tin id , but i t s  food intake was quite normal. In 

the ease of other ra ts , when food was served, they would 
run eagerly to catch the plates^whereas th is  pnrvl rnler ra t 

would try  to hide i t s e lf  in  one cornu* of the cage, 
general, much t if f  si sure was not seen in  the 

of the ra ts  in tU  the three groups, s cept in  the case of 
the partissder *poor rice  diet* ra t w&ich had developed 
alopecia.

in

The data of Calcine balance study 

the angle of (a) Hignsti hH ffy (b) dale!
analysed fre e

The extent of the d^pM M iiiSy of these 

wa* calenle*ert by adopting ths foreula  
U95fl)

•  100 X
food Calciue.

free  ths data given in  Appeftiix ?  the average 

iigeeifH  H ty ns efirtrllear and the analysis of mom differences -f  

were rnlmileied and given in  fable f i l l .
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t  mm vm ,
0T JUAHTH a®  kalavix ih e a i

mmm tm  mam  &md « n .

2**i wmk fth week

m®%9 OSes*

Basal *
ranth

Basal ♦ fal&val 
Iserai

5 0 .*

57.%

50,%

57.%
_

a  mmm 

or
or thi
A W  XALAVAX Ilf an,

Slh week

of d iets ^ Iff- 5 3 .1 .
•t* Level : Mean 

o f ei#~ d if f
*t* -Level
a,i», ofereaee. : * ,«ignlfl

ace
canoe

Basal ♦ i 
‘mar^nthl 
against 1 
S&sal ♦ |

U 
1

7.0 a.6 2 .6  f <.05 7.0 i . i
Kalavai
I  serai

l

3.9 f  <  .OX

froa tit* o f Table f i l l  11 la  evident that theta

betv«een kalavai keer&i asst a a m U ,  la  which kalaval Kearal 

stands superior to  aaevweth. l a . the 1th weak o f the

»*



n

the two leafy vegetable l e  al g a l f t  w ill a t l  per cast le v e l, 
whereae in  the 2 nd weak I t  la  I jilt le iT it  only a t $ per cant 

le v e l.

A fter flawing the 
tee leafy ve^aeeMte, the a v e rse  

and the analysis of the eeee 

and are pre seized in  fab le  11,
per cent Calelee



ftSLS U .
AVSIUG* IffSSfXOS OF ULCZW SI ALBXIIO Bit S

m&im zm mcom *m mmm mm*

mm®

A**.
dietary
€a.

in *  ^*8*
Jt&eCiil urinary
Ca. fia.

Awg
4©t»l

Bala
nee

**s
per cant*.

Basal ol«t 1.S 2.0 1.6 3.8 <•2.0 —

Basal ♦ tea- 
ranth 27,a 13.5 6 .0 If* 5 i .3 28.5

Basal ♦ Xala- 
vai K«arai. as.7 11.0 4.0 15.0 11 .7 43.9

Jtefe Waste.
Basal diet 2.5 2 .1 2 .1 4 .2 - 1 .7 —
Basal ♦ ’ma- 
ranth 31.5 15.5 0-0 23.5 0-0 25.6

Basal ♦ lala- 
w i  Kserai. 31.7 13.2 7.5 20.7 11.0 34.5

m&u s is  of msas s s ? ^ i  of m i n r a x o i  or calcium mmAafAttAffTf! y itittAY >«b at  ..
..... - JM Lm Il w m . ___

Comparison Mian 
of diet# d iffe r

erics
s#«#

»4»
Value

Laval

ficance

Maan
d iffer 5 .1 . 
ance

*4* Laval 
Velas of S l-

eamea
Basal * am 
aranth ag­
ainst Basal# 
KaJLavai
ffaeral 15.40 3 .3 4 .6 f  < .01 8 .9 3.4 2.6 8 ^ .0 5

jr-'l

3
1
I11
'I1
i
\



ealeiuaFrea fab le  IX. i t  Is  clear that the

Is  in  the ease o f ♦Basal ♦ Kal&vai leera i* • the

between the two capadaM tal d iets  la  highly 

la  the second week, while the M m n  is  Juet 

a t the eighth week when ccaparei with the second

a a t t M i  to  the iTi ffu r— e m  age • as
103

McCay (1956) reports, there is  s ligh t deeline la  the 

calciua rgMafe&en value, as age

voV«'ct
weekAcan he

the taaaseafci rib— til m  of caldua from fKalaval Kesral* 

might he due to  the laari »ee i I i tiaotBhlin j o f these greens, 

and the 4eePSMei oxalic acid content o f f fa la «iii Keerai*, 

since ’ Kalavai Xeerai* and amaranth eeaMlxisd 0-5 ga.» and 

0.7 ga* o f oxalic acid per 100 ga .» o f lea fy

, according, to carried out by the99
<1930) method. Asadapting H 

32
Brine (1955) etates that oxalic add  rea d s  with soluble

calciua and renders i t  

reason fo r  the 

Kalavai le e r s !•

th is is  probably another 

of caldua in  the case o f

I t  is  also evident from Table IX that the rats on basal 

d iet were In  negative caldua balance due to the intake o f 

caldua being so low as 10 ag. per 100 &*•$ the food..

As the rats could not meet th eir dally ca ldua 

the body caldua was]

fine# the retained caldua is  being stored in  bom ce lls12
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storage o f the nfeniaed caXciua in  the bones. rrom the 

data given in  Appendix V I. the average in it ia l and fin a l calciun 

content o f bonea (Fewur and Tibia) and the analysis, of nean 

itlffe re—en were naiewl t t r f  and presented., in  fab le X.

TABLE x.mamt calcium comnm or ?mm amd tib ia

Diets.
Average in i­
t ia l  Ca, con­
ten t.
®g.

Average fin a l 
Ca«t content

Met Ca. 
contest
m .

Basal diet 18 .2 20.2 2.0
Basal ♦ tmmmm 18.2 42.6 24.4
Basal ♦ Kalavai 

Keerai 18.2 49*4 31.2

abautsks or irab  w m m sm m  or calcium c<mnm  or ratm
AW) TIBIA

of
diets

Mean
d iffe r
ence

5.1. value •dgiiliieM se

Basal against basal* 
amaranth 22.4 0 .11 203-0 F. < .01
Basal agaLnt basal* 
Kalavai Keerai 29.2 1.30 22.6 F. < .01

Basal ♦ amaranth 
against Basal ♦
kalavai Keerai 6 .8  0.20 34.0 F. < .01



la  thek® can be seen from Table 1, the dtfStfmaama 
calcium content o f feaur and tibia ore highly a ia^ fisiam *

The act calcium content o f t t» rampomaiae bom® in  the 

case o f rata fed on sapmdbBmfcal d a ta  la  eight to  tan 

tines rector than that o f the basal group, the mMmm  

content being In  the case o f rata fad on * basal ♦ Kalaval 

keerai* • This shows that the ifa lir iiT ilty  of calcium from 

Kalavai Keerai fo r  ealriflaHifn of bones la laflattaiy 
greater than aaapmaafe* Thia m m  point is  further eGsphasiaed 

through Figure Id on page

The figu re anowes that the femur and tib ia  o f rats 

£ed on *baaal *  Kalavai Keerai1, hare the maximum calcium 

content while * basal * smmNMS* and 'basal* co« q m at in  

Une in  the beeoamifemg order.

.As a resu lt o f the three types of studies oammeefcad, 

namely growth, calcium balance, and cal elite la  bone 
'Kalavai Keerai* proved to  be superior to maaraiirh. From 
a survey eamdmezmd in  €a£riN*SPe / City in  three d ifferen t 

areas , i t  was found that the urban people have not realized

— — — — 3% — —
so the lime si 1 hit i f  carried out a palalMd&liiy tes t ae

lo tmemtiamed by lowe (19$$) to mammbmAM how far the new 
food la acceptable so as to i itwiriic e it to tbs urban people.





The food prepern Mnns chorea fa r  oeMBRlhg the pal&ta- 
b ility  testa  .e rs T e riil M i Maseel9 (refo r Table II on page f  7}

The tost mss csrrlod oat ta iie o , sad tbs resu lts  of euch
teste  ere given in  fab)* H« presented below.

**
TA8L8 XX.

TOTAL SC088 OBXAXKSD SI m « « 3  FRGK
A s m a ra  am > kalavai x i s s a i .

Colour Texture Taste Appearance Flavour

1 . ttasesl 38 36 4$ 41 49
2. F erial *6 38 49 48 47

Kalaval Xeerai.
1 . Maseel 39 38 46 43 50
2. Portal

>

48 37 48 49 48

Table XX showe the ilirfo so i scores obtained by
asH asee l and Portal of amaranth and Kalaval 

As i t  i s  seeas both tbs preparations 
have obtained aore or less s te lla r  

i t  i s  in fe rred U s t  XaXansi Xeerai ie'b'̂ v. .
ith with regard to  p a la ta b illty , and hence 

the investigator i s  of the opinion, that th is  -nlnaftrtT 
Kalavai Xeerai, could be accepted in  the urban areas without

d iffic u lty . ’• .



V- smmm mv rmmmtm

Tha oonpsrattra patention of oaloiua froa anafantha 

(oonaon leaf/ ragatoble o f urban a m )  and kalavai kaaral 
Common laafy ragatabla o f m n l area) was studied, using 

weanling Albino rats* oo^Spi&fing both tho laafy  ragat"bias 
At iso oalolun la v a l, to poor rio® d ia ty whiah would supply 

oaloiua at tha oftiaaa* lo ro l fo r tha ra tsy that is  90 »g* 
par day aooordtng to Farids (1999), whiah is  aq u iv lan t 
to  1 .5 * gm* o f aaa**a»th and 2 . 0  pi* o f kalavai kaarnl 
raspaotir»lyv in tha dahydratad form. Tha a va ila b ility  of 
ailo tus from tha so svo laafy vagatables was Judgad by ysls|  

tha following dffkaelnt growth oalaiua bdanoa and onioiom 

in bom ash*

lU laral kasrai Is  a su p p la n t, anhanoad tha growth 

rata of ra ts  when compared with tho control ra ts, and tha 

diffttganaa was found to ba significant* Data rsgarding tha 

calcium rstiwtdon by tha caloiu* balanaa study and aaloium 

in bona ash study also ratraalad tha faa ty that in both 
casas, kalaral kaaral as a supp lian t stands suparior to 

amaranth with highly significant dlffananoas.

fro* tha analysis of tha n«triant content of kalav^i 
kaaral i t  was noted to bo a good source o f minarals and 
csrotana* Tha pal& tability to st also points out that kalarai 
kacral is  as palatable as a&saraathy since i t  has obtaiaad store 

or lass sim ilar to ta l sooras as that of amaranth*



Kilaval km*m 1 I f  •  go *2 soars# of i t w  1 1 and 
ritan ln s, and is  to  with mgard to growth
and r-loiuo mtsmfcfn *han to tfe# poor rto#
dl#t» and a an fro# so ia H p M f*  n tsfw  o f oral# tun fo r tbs 

South Indian rloa di#tst sinoct i t s  p w ln t s h t i i t y  

good -a» amaranth*
Is as



BIBLIOGRAPHI

2

1 Aykroyd, w.iU and Krlshm a, B .c. THE 3SPXCXIIH01B3 OF THE 
S00 SOUTH IlfUAM mST. X.J .Jt.it. Vol. l i t ,  1937,

P. 367.
, v. and sor, b .k. wmusmmm  valus or uicsbms

to  THS POOS SOUTH IOTAS SIC’S DIRT. I.«I.M.R.. 
Vol. AAXVIi, 1949. P. 319.

3 Murthy, HJJ.M. , Reddy, Saraayakuaari. M. and
Si^br£iSraat V. THS MST ABOLISH OF MIT&OGSS, 
CALoStAMD PHOSPHORUS 111 U ilDDRSOURISHKS CHILD- 
RSM, 1 .  ADAFTATIOS fO LOW IffiTAXS OF CAUCUS,
p& iiiis, calcium ard phosphorus. 8 * it. a . * * . ,  
Vol. 1 1 , 1955, P.203

4 SeferwiBBFS*, V., Ban, M. Marayana . ,  SnoaiBatHaa.il* HUTaX- 
a _  A tits  VALUE AMD KSSFIJC QU*Uft CF IiUDKSD AMD

MILLED HAW d ie t. The B ulletin  Central Food 
I  Technological Research In stitu te , yo<- V, 1956,

P. 329.
5 Mo Garrison, Robert. FOOD* London, the Maaal 11 an and Ce.,* 

^  Ltd., 1956, P.127.
6 ‘Saakaran. A.R.

COMPARATIVE VALUE QP ____  _ . __
SUPPLKMEiitS fa  fh i POOR SOUTH 1HBXAH I5XCS
1.0 .M.ft., Vol. LlV, 1956, P. 741.

7 IrttXK, *i.T. CALCIUM METABOLISM. Mew Xork, John Wiley and4
Dons, 2ne«, 1957, PP* 6 , 5 , 15.

6 Best, C.H. and Taylor, if.B. THE PHlSXOLoeiwAL BASIS <* MOT,
UAL FiiAdflte* Baltimore, fHe t t l l U i  and WU- 
kina, Co., 1961, P. 1055.

9 Rational Academy of Sciences, RStdM'MMDro DISTAHX ALLOWAMCS.
Waehingron, D.c. Matlonal Research Connell, 
195*, K

10 Food and Agricultural Organisation, World Health Organisation
Expert Group. CALCIUM aSLUliiSMOT. Iona, 1962,

11 Aykroyd, W.n., Patwardhan, V .s. and Ranganat han. s . THE MUT-
’ifXVS VALUE or IOTAR F0O5S AMD PLAMKIMi OF 
SAtiSFACIoax D15ts# Health B a lle tic  Mo. -UI1I, 
1962, P. 15 .

12 Davidson, Stanley. S ir . ,  Molklojohn, A.P ..
HUMAM MUX alxI CM AMO DIETSTJCS. 

Ltd., 1959,
London, 

PP. 159, 156.
it.,
U  S.



13 Tboophilua, F. and Arulanandhaa, hatnabhai. ANALYSIS or
SOME XDIBLB aiiSRK LSAV8S IS SOUTH IKD1A, 1.J.X .IU , 
VoX. A^VII, 1949. P. 29.

14 Mason, lloanor, 0 .9 Thaophllua, Florence., rrimodt -  H ollar,
j .  *a i x w u s its  of buxtshfat in ths absbxce
OR FftSSBXCE o r CASilX CXI GiiOSTH IK XOUMG MATS OK
A axes 13X8*, I .2 .X .a . ,  ?© 1. JUXXII, 19 5 5 , P .2 1 9 .

15 G ilbert, Prank. A ., HXKBEAI* MITOUOK OF PLAN* 8 AND ASIMA1S.
University of Oklatuuea Press, 1946, FF. 30, 31.

16 Moore -  cited la , nutrition  Earlene, CALGIJIX II X«S OiSXXSTai
or FOGS AW3 WTaiTIOKl, VoX. X, 1952, P. 97.

17 % *fm n, H.C., CALCIUM AS A FACYO* 1 1  YES HOfMIflGKAL IXpHOVE-
Min* OF HEALTH, Proceedings of the National Aca* 
dear <* Sciences, VoX. M il, 1936, Pi . 24*26,

16 Seaainathan, X. XHB iiRLATIVS VA1WI OF XHI P&GXEISS OT CBitTAXS
foodstuffs ik  su m *io s. Part xx. the comfa&a  ̂
t x f i  biological vouats of tm  p&omiis or gretaxk
CBESALS, PULSES ASS SKXNM3D MUX F0K8SR MSAS^SD 
BY THE QHGKTB Of YOUNG BATS* I .J .X .* . foX. **», 
1937. P. 57.

19 Maynard, Leonard. A, and Looolia, Joha. K. ANIMAL MUTrtXfloN,
Sew York, Me G raehill Book wsapany Ine*. 1956,
PP. I l l ,  114 .

21 Dairy Council Digest, as ISTEanBw or JsSLSXr SCISSTI« .  mB-
SBABCH. Chicago. National Dairy Council, 1962,
P. 1 .

21 Host, Edward. Staunton anl Todd. G ilbert. X. THE T?XT BOwX
OF BiaOiiilXSTHX. MS* la rk , Tbs Mgcaillan Co^any. 
1961. P. 1242.

22 aeeutfkes, Adelia, X. and Hanlon, John. J .  SUXBITIOK AflfD THE
PUBLIC HEALTH A SfUDX OUXDB. Ann Arbar, Michi­
gan, The Overbeck Coapany, 1% 6, P. 24.

23 Meltaer cited la  * Sattition  Bovlowo, CALCXtiM IS THSCHSXISXiiX
or roc® awd suxiurios. ¥©i. x , 1952, p . 97.

2k Sherman, Henry. C. mwassm OF FOOD Am SUTBITloS. See Xork
The Macmillan company, 1952, P.234.

25 Klainor, Isra e l. a.^Orton, daaes. X. HW*H 0IOCHSMIsr«Y. % .
Louis, The €•¥, Mosby C&pasy, 1956, P. 522.

26 Aykroyd, .  eltod Pros Dairy CosaeU Digoat, as IiffSWIS*
OP HSCS8T scientific ftESSAsa. Chicago, National 
Dairy Council, 1962, P. 1



and
27 Pal, &.*• aoi Ht&k, Harlndra, FOHTHIR STUDIES m tm  IFFiaris rats or mnL?mmim a ôcjth ihdias dirt |
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. W a y  ana. and Joaaotk, Santa. CALCIUM iiŜ UIES- ENTS OF INFANTS, CRILDiiRN ABO ADULTS. Indian

$0 Bargain, d tad
M,
MENS’;.. -
Journal of Padlairlcs, Vol. AAVU, 196I , P. 267.

51 Vaughan and P ila r .

52 by Irving J.T . CALCIUM metabolism. Haw 
John ; Hay and Sons, In c., 1957, P/. 14.

53 Me Gown . r  -  citad by Irving J.T..CALCIUM MSTABOLISH. Maw
Xark,Jjiobn Allay and Son*, Inc., 1957, P. 14.



54 .  cited ty  feeing j . t .  calcium MBrftBOLtat, 
Hew fork , John ^iley andSene, Inc., 1957, 
P.14.

55 Albright, odd k e ife rstin , e l tod by Oevldaea, Stanley. S ir .
_ ^  Meiklejohn, A.P. and Faeaaore, 8 . iiUMAS HUT*!-
fen 7108 ASK) n is rm c s . London, 3 and S. Living-

atone L td., 1959. P* 167.
56 Sheraan, H.C. and Hawley, Edith. GALLIUM A80 FMOSFtioaUS *

* K3TABOLISH. J .  Bio. Chan., Vox. LUIX, 1922,
P, 375.

57 Me ulugage, * cited by ''heman, H.C., SSOCIW woHKS QP
m m r CLAPP chshmam. Hew Xork, the Macmillan 
Coopaxiy, 1948, F. 647.

56 Hone, -  cited by Sherman, a .—, sslsctso hoHKS OP Hisai CUFF 
m, SritHKAB. ROW 7orb, the Macalllan Coapany, 1948,

P. 647.
59

60

Me Lasghlin,

£■, F*B«,

- cited by Sheraan, H.C., SSLIC7S0 wooes or MSmiX 
vLApp Shshmak. flaw la rk , Xhe BnaniLlaa cenpany, 
1946, P. 647.

Geer, B«u.|^3oeePifl#| PBAfSSXCAL Faithi<£BBL»
CAL OiSMIsm. hew fork, Me Grew d i l l  Sock Con* 
pany, Inc., 1954, P.1056.

61 Ohlaon, M.A. fttS CALCIUM 
1955, P. 333

J.A.O.A., Vol.

62 Brock, JJP. ftSCSlfr ABfASBS 18 HUMAN m t m t l Q S .  London, J.
and A. Churchill L td., 104* Gloucester Place, 
1961, P. 299.

63 Halae, X. * cited  from nutrition Abeanmehe and Heeiewe, Vol.
I X f ll l ,  1956, F. 632.

64 Morgulia, -  cited by F arria, I . J . ,  and G riffth  , John. Q. THS
—  IU7 18 LA&OiiATOHX 189331X0 *7108. L08*on, J.B.

^ Lippincott Conpany, Philadelphia, 1949, F. 66.
65 Me Cara, -  cited by P arria]^ S .J.f and G riff th , John. Q. THS

SAT lit LABOHATOaX iJjVSSTlGAflOS. London, J .L . 
Ligpdneebt Conpany, mflaililgiiiTe, 1949, i . 66.

66

67

Bethke, H.M., CALCIUM 480 
CWOSIflOk 187AX1. 

71-103.
C.B. andAHD PH
U8D1H A
ju r n i ,

FAJ 08 CALCIUM
GttOSfI8& RATS 

J. HUt, Vol.



*• •1 " .f

<?/

G&m Jfe CSfll2 s m  -  «Slte*l b/

f  * «

«j « mm JHH| **
sm s  y*v&m»

M^pisaastfe *l£taM iM U» i*MD«

a . a* w

? 3* >polra#

m sfm*mMZ£ m  zm&m wrns&m j .  asoi*
M »  0%  £D@% >* 43U

i .  a«s i t e m  a»4* .jmmBB @ M i>  sir m , 
m b s is  s w i as x irm jw ^  as m #  or 1 $®% 
j«  m oif am ** m *  g o b * xtas* *# m

i  i«
wr* * * ,  rfox* 191%

?4*

l̂ llflfc'l. f . 4k
 ̂ «|i

i n p  î &x*
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